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Map Matching Method, Map Matching Device, Database for 
Shape Matching, and Shape Matching Device 

5 

< TECHNICAL FIELD> 

The present invention is related to a map matching 
method, an device for executing the map matching method, 
and a computer program. More specifically, the present 

10 invention is directed to a map matching method, a map 
matching device, and a computer program, capable of a 
performing map matching operation in a high speed. Also, 
the present invention relates to an information 
transferring method for transferring positional information 

is as to a traffic jam, a traffic accident, and the like in a 
traffic information providing system, or the like, and 
relates to an device for performing an information 
exchanging operation as to a position by' using this 
information transferring method. In particular, the 

20 present invention is directed to a shape matching-purpose 
database and a shape matching device, capable of firmly and 
rapidly transferring a position on a digital map. 

<BACKGROUND ART> 
25 Conventionally, for instance, as described in the 

below-mentioned patent publication 1, while a car 
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navigation device holds map data, the car navigation device 
executes a map matching operation in a time interval of, 
for example, 1 second in order to identify a position of a 
traveling vehicle on the map data. In this map data, all 
5 of roads whose widths are wider than, or equal to 3.3 m 
have been stored. The car navigation device executes a map 
matching operation while map data of an area (normally, 
square of approximately several hundreds meters) which is 
limited to an area around the own vehicle position is 

10 employed as an object area, and thus, acquires such a point 
on the map, which corresponds to the own vehicle position. 

As map matching methods, several sorts of map 
matching methods are known. For instance, an algorithm of 
a macro map matching operation is defined as follows: 

is (1) As shown in Fig. 35(a), while a vehicle 

position acquired by a GPS receiver is used as a WP (way 
point) corresponding to a point which is formed on a shape 
vector, links located in a peripheral area of the WP are 
searched so as to detect a link having such azimuth within 

20 a square made of A meters (on the order of 250 meters) 
where a first way point WP1 is set to a center thereof. 
The azimuth of this link is defined by that a difference 
between this azimuth and traveling azimuth of the vehicle 
is limited in +B degrees to -B degrees (for example, B is 

25 nearly equal to 45 degrees) . Then, this detected link is 
set to a candidate point (symbol "X"). It is so assumed 
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that a total link number (n) of the candidate points is 
selected to be 5 to 8 pieces. In Fig. 35(b), candidate 
points of the first way point WP1 are set to 1-1, 1-2, 1-3. 

5 (2) As indicated in Fig. 35(b), a link having such 

azimuth is detected within the square made of A meters 
where a next WP2 is set to a center thereof. The azimuth 
of this link is defined by that a difference between this 
azimuth and traveling azimuth of the vehicle is limited in 
10 +B degrees to -B degrees. "n" pieces of links are set as 
candidate points (2-1, 2-2, 2-3) . 

(3) This process operation is repeatedly carried 
out until the matching operation is reached to a final WP. 

(4) The respective candidate points are connected 
is to each other along the road links so as to form a shape 

pattern. In such a case that candidate points are not 
connected along a road (for instance, candidate points 3-3 
and 3-2 of WP3 cannot be connected to candidate point of 
next WP4 along road) , a shape pattern is not formed. 

20 (5) While the respective shape patterns are 

compared with the shapes of WP1, WP2, , one shape 

pattern is selected which is mostly resembled to the shapes 
of the way points. Namely, this shape pattern is located 
near the way points, and owns a small fluctuation with 

25 respect to the shapes of WP1, WP2, , which are evaluated 

by standard deviation, or the like. 
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Assuming now that a total number of WPs is equal to 
"M" pieces and "N" pieces of candidate points per each of 
WPs are obtained as an average value, the shape patterns 
which are acquired in the item (4) are combinations of N M 
5 pieces, normally become several thousands through several 
ten-thousands of shape patterns . 

On the other hand, the Inventor of the present 
invention has proposed the traffic information transfer 
system using the map matching operation (Japanese Patent 

10 Application No. 2002-89069) . In this system, while a 
status amount (travel time, and traffic jam degree etc.) of 
traffic information which is changed along a road is 
expressed by a function of a distance measured from a 
reference node of a shape vector which indicates the road, 

15 both data of this traffic information and data of a shape 
vector indicative of a road shape are provided to a user 
terminal. The user terminal executes a map matching 
operation by using the shape vector so as to identify a 
objective road of the traffic information, and reproduces 

20 the traffic information on this road from the data of the 
traffic information . 

Fig. 36(b) shows data of traffic information which 
is transferred in this system, and Fig. 36(a) represents 
shape vector data of roads which are transferred in 

25 combination with this traffic information data. 
Alternatively, these data may be coded so as to compress 
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data amounts. Fig. 37(a) and Fig. 37(b) shows both shape 
vector data which have been coded, and traffic information 
data. After the user terminal which has received these 
data decodes both shape vector data and traffic information 
5 data, the user terminal similarly performs a map matching 
operation while the respective nodes contained in the shape 
vector data are defined as WPs so as to identify a 
objective road of the traffic information, and reproduces 
the traffic information on the objective road from the 

10 traffic information data. 

In the presently available traffic information, 
while unified numbers are applied to nodes and links, a 
objective road is identified by this number. In this case, 
in connection with newly constructing operations of reads 

15 and route changes, updating operations as to node numbers 
and link numbers are required. Since newly constructing 
operations of roads and route changes are not stopped in 
future, the method for using the unified numbers 
necessarily requires work loads of maintenance. To the 

20 contrary, since the road position is identified by the map 
matching operation in this traffic information transfer 
system, such unified numbers need not be applied to the 
nodes and the links, and thus, the work loads can be 
reduced. 

25 

[Patent Publication 1] 
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Japanese Laid-open Patent Application No. HEI-7- 

260499 

However, in this traffic information transfer 
5 system, the reception-sided device (decoder: navigation 
device etc.) must execute the map matching operation with 
respect to the long subject section within the wide range 
(for example, entire area of wards in TOKYO, or square made 
of 10 Km) which is contained in the traffic information. 

10 Also, in the process operation of the map matching 

operation, in such a case that the above-described WPs are 
used which are employed so as to identify the vehicle 
position, when a large number of candidate points are 
formed around the WPs, a very long time is necessarily 

is required to execute the retrieving process operations 
(namely, process operations (1) and (2) of above-described 
macro map matching operations) for the candidate points. 
This process time is increased directly proportional to a 
total number of WPs. Also, combinations among the 

20 respective candidates points are exponentially increased in 
response to a total number of the candidate points and a 
total number of the WPs, and thus, the forming process 
operation (above-described process operation (4) ) of the 
shape pattern and the comparing process operation (above- 

25 described process operation (5)) require a plenty of time. 

As a result, there is an object to shorten the 
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processing time for the map matching operation. 

Also, in such a probe acquisition system that drive 
data of vehicles (probes) which are driven in various 
places are acquired by a center so as to be utilized to 
5 form traffic information, positional data indicative of 
drive loci are collected from a large number of probes to 
one center. Then, this center identifies roads along which 
the respective probes are driven by executing map matching 
operations based upon the positional data. As a 

10 consequence, a high-speed map matching operation is 
required in order that the data collected from a large 
number of probes can be quickly processed. 

Also, vehicles which mount car navigation machines 
are rapidly increased. In an on-vehicle navigation system 

15 which is used by this car navigation machine, while a 
digital map database is held, maps around the own vehicle 
position can be displayed on a screen, and in addition, 
travel loci and route searching results up to a destination 
place can be displayed on the maps based upon 

20 latitude/longitude data received by a GPS receiver. 

It should be noted that digital map databases may 
contain errors due to a fatal aspect of reduced scale maps. 

While degrees of errors are different from each other 
depending upon digital map databases, there are, for 

25 instance, commercially-available digital map databases 
having a reduced scale of 1/25000 which contain an error of 
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approximately 50 meters in accordance with places. 

Also, in this on-vehicle navigation machine, such 
traffic information as traffic jam information and traffic 
accident information is received which is provided from a 
5 traffic information providing system, and then, a traffic 
jam place and a traffic accident position may be displayed 
on a map, and/or a route searching operation is carried out 
by adding these traffic jam/accident information to a 
condition. 

10 In the above-described traffic information 

providing system, as represented in Fig. 57, traffic 
information is supplied from a control center 71 which 
controls a regional area to a traffic information 
distribution center 72, and then, traffic information which 

15 has been edited for purposes of various media ( FM 
broadcast, on-road beacon, portable telephones, and the 
like) is transmitted via these various media. It should 
also be understood that the control center 71 communicates 
the traffic information with a control center 78 of another 

20 regional area, and thus, acquires traffic information 
within a wide zone which contains a peripheral area. 

As to the traffic information supplied by the 
above-explained traffic information providing system, for 
example, in such a case that latitude/longitude data as to 

25 a traffic jam position and a traffic accident position is 
solely provided in order to inform the traffic jam position 
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and the traffic accident position, there is a risk that if 
both a traffic information providing source and a traffic 
information provided destination employ different sorts of 
digital map databases, then the on-vehicle navigation 
machine identifies a different position on a road as the 
traffic accident position. This is because, as previously 
explained, digital map databases held by on-vehicle 
navigation machines own errors which are different from 
each other, depending upon sorts of these digital map 
databases . 

In order to improve an incorrectness of such 
information transfer operations, or information display 
operations, on-vehicle navigation systems employ such map 
information shown in Fig. 58. As indicated as one example 
in Fig. 58 (a) , assuming now that intersections "a" and "b" 
of a road network correspond to nodes and a road "c" 
between the nodes corresponds to a link, node numbers (a= 
1111', b= 3333) are set to the respective nodes, which 
exclusively represent these nodes, whereas a link number (c 
= 11113333) is set to the respective links, which 
exclusively represents this link. Then, the node numbers 
and the link numbers which have been set with respect to 
the respective intersections and the respective roads have 
been stored in digital map databases marketed by various 
firms in correspondence with both the node numbers and the 
link numbers. 
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Also, as to traffic information indicative of 
traffic jam positions, traffic accident positions, and the 
like, a link number is identified in order to represent a 
position on a road, and then, a point on the road is 
5 indicated by such an expression that this point is 
separated by a certain meter from a head portion of the 
road which is indicated by this link number. For example, 
in such a case that traffic information contains [position 
separated by 200 m from head portion of road of link number 

10 = "11113333"], even when on-vehicle navigation machines use 
any types of digital map databases, a position on the same 
road, namely a location indicated by the traffic 
information may be acquired by tracing such a location 
separated by 200 m from a node having a node number "1111" 

15 of the road defined by the link number "11113333 . " 

However, as shown in Fig. 58(b), as to node numbers 
and link numbers which have been defined in a road network, 
if a road "d" is newly constructed and the road is changed, 
then these numbers must be replaced by new numbers. When 

20 the node numbers and the link numbers are changed, digital 
map data of various firms must be updated. 

Since constructions of roads and changes of roads 
are continuously carried out for the future, a plenty of 
work amounts and a great expense must be permanently 

25 required in order to perform maintenance operations of 
digital map databases as far as the conventional road 
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position display method realized by the node numbers and 
the link numbers is utilized. Thus, there is such a 
problem that this maintenance operation is increased and 
causes heavy loads. 
5 There is another method for identifying roads by 

way of shape matching system (will also be referred to as 
"map matching system 11 ) based upon traffic information 
provided by the traffic information providing center 72. 
This shape matching system may largely depend upon 

10 processing performance of on-vehicle navigation machines 
provided on the reception side. As to a map matching 
operation executed in a conventional on-vehicle navigation 
machine, a matching process operation may be carried out 
one time every 1 second since only a map matching operation 

is as to one place within a limited area (normally, square of 
several hundreds meters) around the own vehicle position is 
required. On the other hand, with respect to route lines 
(roads) which are to be processed in a traffic information 
providing system, normally, there are many roads such as 

20 speedways, national roads, and major local roads. 
Furthermore, in city areas, general roads belonging to the 
administrative divisions of Japan and a portion of city 
roads are involved in these route lines. Also, there are 
some possibilities that information acquiring route lines 

25 other than the existing links are increased. 

As a consequence, the information processing 



11 



capability of the conventional on-vehicle navigation 
machines owns such a problem that a plenty of time is 
required until a road is identified by executing a shape 
matching operation based upon received traffic information 
5 and then traffic information is displayed. 

The present invention has been made to solve these 
problems, and has an object to provide a map matching 
method capable of realizing a high-speed process operation, 
and also, to provide an device and a computer program, 

10 which realize this map matching method. Furthermore, 
another object of the present invention is to provide a 
shape matching-purpose database and a shape matching device 
capable of providing positional information on a map while 
excessive maintenance operation for a map database is not 

15 performed. Also, another object of the present invention 
is to provide a shape matching-purpose database and a shape 
matching device, capable of quickly displaying, or 
representing information related to roads such as traffic 
information. 

20 

<DISCLOSURE OF THE INVENTION> 

To this end, in accordance with a map matching 
method of the present invention, with respect to road 
networks having an unequal condition in frequencies 
25 corresponding to a objective road of a map matching 
operation, priority orders are set in response to the 
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frequencies; a road network which is matched with the 
objective road is restricted based upon the priority order; 
and when a candidate road which is matched with a shape 
vector of the objective road cannot be obtained, the 
5 restriction made based upon the priority order is relaxed 
so as to broaden a range of road networks which are matched 
with the objective road. 

Also, while employing one sheet of map road network 
data including a set of road networks to which different 

10 weights have been applied, such a road network whose weight 
is relatively large is matched with a shape vector 
indicative of a shape of a objective road in a beginning 
stage; and when such a candidate road which is matched with 
the shape vector cannot be obtained in the road network 

15 whose weight is relatively large, since such a road network 
that a road network whose weight is relatively small has 
been added to the road network is matched with the shape 
vector, the objective road is identified. 

Also, while employing road network data in which 

20 road networks are formed in a plurality of hierarchical 
layers, and a road network of an upper-grade hierarchical 
layer is established by such a road network which is 
extracted from a road network having a lower-grade 
hierarchical layer lower than the road network having the 

25 upper-grade hierarchical layer, a road network of a 
relatively upper-grade hierarchical layer is matched with a 
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shape vector indicative of a shape of a objective road in a 
beginning stage; and when such a candidate road which is 
matched with the shape vector cannot be obtained in the 
road network of the relatively upper-grade hierarchical 
5 layer, since such a road network having a further lower- 
grade hierarchical layer is matched with the shape vector, 
the objective road is identified. 

With employment of these arrangements, in the most 
cases, in map matching operations using roads having higher 

10 priority orders, roads having large weights, or a road 
network having an uppermost-grade hierarchical layer, a 
objective road can be identified, and thus, the map 
matching operation can be carried out in a high speed. 

Also, in accordance with the present invention, a 

15 receiving device is comprised of: a digital map; map 
matching-purpose road network data established by road 
networks which have been formed from the digital map, and 
are formed in a plurality of hierarchical layers, and in 
which a road network having an upper-grade hierarchical 

20 layer has been extracted from a road network having a 
lower-grade hierarchical layer; a data receiving unit for 
receiving data which contains a shape vector indicative of 
a shape of a objective road; and a map matching unit for 
executing a map matching operation of the shape vector by 

25 using the road network data so as to identify the objective 
road; in which the map matching unit matches the shape 
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vector with a road network having the uppermost-grade 
hierarchical layer of the road network data in a beginning 
stage; and when a candidate road which is matched with the 
shape vector cannot be obtained in the road network having 
5 the uppermost-grade hierarchical layer, since the map 
matching unit matches the shape vector with a road network 
having another hierarchical layer, the objective road is 
identified. 

With employment of this arrangement, the objective 

10 road contained in the reception information can be rapidly 
identified by executing the map matching operation. 

Also, in accordance with the present invention, an 
event information providing device is comprised of: a 
digital map; map matching-purpose road network data 

15 established by road networks which have been formed from 
the digital map, and are formed in a plurality of 
hierarchical layers, and in which a road network having an 
upper-grade hierarchical layer has been extracted from a 
road network having a lower-grade hierarchical layer; a map 

20 data information transmitting unit for distributing both 
the digital map and the road network data; a shape vector 
data producing unit for producing a shape vector indicative 
of a shape of a objective road of event information by 
using the data of the digital map; a shape vector deforming 

25 unit for performing an adding process operation of 
information for designating a hierarchical layer of the 
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road network data to the shape vector produced by the shape 
vector data producing unit; and an event information 
transmitting unit for transmitting event information 
containing the shape vector which is processed by the shape 
5 vector deforming unit. 

With employment of this arrangement, since the 
reception-sided device executes the map matching operation 
by using the road network having the designated 
hierarchical layer of the map matching-purpose road network 

10 data distributed from the event information providing 
device, the objective road of the event information can be 
quickly and correctly identified. 

Also, in accordance with the present invention, an 
event information providing device is comprised of: a 

is digital map; a parallel-traveling resembling shape 
calculating unit for calculating a parallel-traveling 
resembling shape link which is traveled in parallel to a 
link and has a shape resembled to the link from the data of 
the digital map; a shape vector data producing unit for 

20 producing a shape vector indicative of a shape of a 
objective road of event information by using the data of 
the digital map; a shape vector deforming unit for 
executing a deforming process operation of the shape vector 
in such a manner that the shape vector deforming unit 

25 identifies as to whether or not the parallel-traveling 
resembling shaped link is present in the link of the 
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objective road by using the calculation result of the 
parallel-traveling resembling shape calculating unit; and 
when the parallel-traveling resembling shape link is 
present, the shape vector deforming unit extends the 
5 objective road up to such a position that the shape of the 
parallel-traveling resembling shaped link can be 
discriminated from the shape of the objective road; and an 
event information transmitting unit for transmitting event 
information containing the shape vector which is processed 

10 by the shape vector deforming unit. 

With employment of this arrangement, in the 
reception-sided device which has received the event 
information, when the candidate road is identified by 
executing the map matching operation using the road network 

15 having the upper-grade hierarchical layer, even if the 
parallel-traveling resembling shaped road which is 
resembled to the candidate road is present in the road 
network having the lower hierarchical layer, the' decision 
of the employment of the candidate road can be clearly made 

20 by comparing these shapes with each other. 

Also, in accordance with a computer program of the present 
invention, the program causes a computer to execute: a 
sequence in which while employing road network data 
established by road networks which are formed in a 

25 plurality of hierarchical layers and in which a road 
network having an upper-grade hierarchical layer has been 
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extracted from a road network having a- lower-grade 
hierarchical layer, a matching operation is carried out 
between a road network having an uppermost-grade 
hierarchical layer and a shape vector indicative of a shape 
of a objective road; and when a candidate road which is 
matched with the shape vector cannot be obtained in the 
road network having the uppermost-grade hierarchical layer, 
since the shape vector is matched with a road network 
having another hierarchical layer, a candidate road of the 
objective road is obtained; a sequence in which when a 
candidate road matched with the shaped vector can be 
obtained, a judgment is made as to whether or not a 
parallel-travelling resembling shaped road which is 
traveled in parallel to the objective road and has a 
resembling shape thereto is present in a road network 
having a lower hierarchical layer than the hierarchical 
layer of the road network where the candidate road could be 
obtained; a sequence in which when the parallel-traveling 
resembling shaped road is present, a shape of the shape 
vector, a shape of the candidate road, and a shape of the 
parallel-traveling resembling shaped road are compared with 
each other in order to judge as to whether or not an 
employment of the candidate road is acceptable; and a 
sequence in which when it cannot be judged that the 
employment of the candidate road is acceptable, a matching 
operation with respect to the shape vector is newly carried 
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out by using a road network having a lower hierarchical 
layer than the hierarchical layer of the road network from 
which the candidate road has been acquired. 

With employment of such an arrangement, the 
5 objective road can be quickly and correctly identified by 
executing the map matching operation. 

In a shape matching database according to the 
present invention, in such a case that a road position on a 
digital map is informed, such a shape matching-purpose 

10 database having a plurality of hierarchical layers and in 
which a road network is expressed by a node and a link in 
each of the hierarchical layers, which is comprised of: the 
uppermost-grade hierarchical layer having a node and a 
link, which represent the most important road; and 

15 respective layers which are sequentially subdivided from 
the uppermost-grade hierarchical layer to a lower-grade 
hierarchical layer based upon important characteristics of 
the node and the link, which represent a road; in which 
both a node and a link which should be shape-matched from 

20 the road network are restricted by using the respective 
layers. As a result, the node and the link which should be 
processed by the shape matching operation can be grasped, 
so that the overall processing speed can be increased. 

Also, in a shape matching device according to the 

25 present invention, such a shape matching device for 
executing a shape matching operation by using both the 
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shape matching-purpose map database and the shape vector, 
recited in Claim 26, is arranged by that the shape matching 
device executes a shape matching operation from the 
uppermost-grade hierarchical layer; in the case that the 
5 shape matching operation can succeed in the uppermost-grade 
hierarchical layer and both a node and a link can be 
identified, the process operation is accomplished; in the 
case that both a node and a link, which correspond to the 
shape vector, cannot be identified, the shape matching 

10 operation is transferred to a lower-grade hierarchical 
layer and a shape matching operation is carried out; and an 
object for a shape matching operation is sequentially 
transferred to a next hierarchical layer so as to perform a 
shape matching operation. As a consequence, the shape 

15 matching operation can be carried out with respect also to 
such a node and a link which indicate a very narrow road. 

Also, in a shape matching device according to the 
present invention, while a common node is provided during 
the plurality of hierarchical layers, the object of the 

20 shape matching operation is transferred from the common 
node to the next hierarchical layer, and results of shape 
matching operations in the respective hierarchical layers 
are coupled to each other by the common node so as to 
perform a shape matching operation. As a consequence, the 

25 transferring operation between the hierarchical layers can 
be easily carried out, and the data can be readily coupled 
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to each other. 

Also, in a shape matching device according to the 
present invention, if such a road identifying method is 
realized in such a manner that while an identifier is 
5 applied to a link which is defined also in an upper-grade 
layer, the shape matching operation is transferred to the 
upper-grade layer by using the identifier so as to perform 
a shape matching operation, then the shape matching 
operation can be rapidly carried out in a layer where links 

10 and nodes are arranged under coarse condition. 

Also, in a shape matching device according to the 
present invention, in the case that the shape matching 
operation fails in the predetermined hierarchical layer, 
while an absolute position indicative of the place is 

is utilized, if the shape matching operation is sequentially 
transferred to a lower-grade layer so as to execute a shape 
matching operation, then the matching operations executed 
in the respective hierarchical layers can be coupled to- 
each other in an easy manner. Also, while such a map 

20 database is stored, if such a server is employed which 
transmits either a portion or all of the map data in 
response to a predetermined signal, then a large number of 
persons can readily use the map database. 

Also, in the shape matching-purpose database, the 

25 higher the upper-grade layer becomes, the coarser a total 
node number of the shape vector is made. 
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Also, in a shape vector transmitting server, the 
shape vector transmitting server stores thereinto the shape 
vector-purpose database recited in claim 26, or claim 31, 
and transmits either a portion or all of the shape vectors 
in response to a predetermined signal. 

Also, in a shape matching device according to the 
present invention, when a shape matching operation is 
carried out in an upper-grade layer, a node is thinned from 
a node string to be a shape vector by using information as 
to a link length; and a shape matching operation is carried 
out by using a thinned node string. As a result, a higher- 
speed process operation can be realized. 

Furthermore, in a shape matching device according 
to the present invention, while such an additional 
information as a road sort and a toll road code is added to 
a shape vector, if such a hierarchical layer which is 
firstly shape-matched is selected by using the additional 
information, then such a useless process operation that the 
shape matching operations are carried out for all of the 
hierarchical layers from the uppermost-grade hierarchical 
layer can be avoided. 

<BRIEF DESCRIPTION OF THE DRAWINGS> 

Fig. 1 is a diagram for indicating a data structure 
of digital map data in accordance with a first embodiment 
mode of the present invention. 



Fig. 2 is a diagram for schematically showing a map 
matching-purpose road network having a hierarchical 
structure in accordance with the first embodiment mode of 
the present invention. 
5 Fig. 3 is a diagram for indicating a data structure 

of the map matching-purpose road network data having the 
hierarchical structure in accordance with the first 
embodiment mode of the present invention. 

Fig. 4 shows a printed digital map indicative of 
10 road shapes. 

Fig. 5 is a flow chart for describing a sequential 
operation of a map matching operation in accordance with 
the first embodiment mode of the present invention. 

Fig. 6 is a block diagram for representing both an 
is arrangement of a transmission-sided device and an 
arrangement of a reception-sided device in accordance with 
the first embodiment mode of the present invention. 

Fig. 7 is a flow chart for indicating a sequential 
operation in which a map matching operation is carried out 
20 in an upper-grade layer as high as being permitted in 
accordance with the first embodiment mode of the present 
invention. 

Fig. 8 is a diagram for indicating parallel- 
traveling resembling shaped roads. 
25 Fig. 9 is a diagram for representing a parallel- 

traveling resembling shaped road which is cut in a half way 
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thereof . 

Fig. 10 is a diagram for showing a data structure 
of map matching-purpose road network data to which 
parallel -traveling resembling shaped road present /absent 
5 information has been added in accordance with the first 
embodiment mode of the present invention. 

Fig. 11 is a diagram for representing parallel- 
traveling resembling shaped roads which are not link- 
connected to each other at a crossing point . 

10 Fig. 12 is a diagram for showing map matching- 

purpose road network data to which parallel -traveling 
resembling shaped road present/absent information has been 
added in accordance with the first embodiment mode of the 
present invention . 

is Fig. 13 is a flow chart for showing a possibility 

judging sequence of erroneous matching operation by 
comparing shapes with each other in accordance with the 
first embodiment mode of the present invention. 

Fig. 14 is a diagram for comparing a shape of a 

20 road which is identified by a shape vector and a map 
matching operation with a parallel -traveling resembling 
shaped road. 

Fig. 15 is a diagram for showing such a condition 
that a parallel -traveling resembling shaped road is present 
25 within only a partial section. 

Fig. 16 is a diagram for representing a objective 
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road which bridges a plurality of hierarchical layers which 
should be processed by a map matching method according to a 
second embodiment mode of the present invention. 

Fig. 17 is a diagram for showing interlayer linking 
5 nodes which are set in the map matching operation in 
accordance with the second embodiment mode of the present 
invention . 

Fig. 18 is a diagram for explaining a definition of 
an interlayer linking node set in the map matching 
10 operation in accordance with the second embodiment mode of 
the present invention. 

Fig. 19 is a diagram for explaining a recommended 
skip distance which is defined in a map matching operation 
in accordance with a third embodiment mode of the present 
15 invention. 

Fig. 2 0 is a diagram for explaining a recommended 
skip distance for designating a featured portion which is 
defined in the map matching operation in accordance with 
the third embodiment mode of the present invention. 
20 Fig. 21 is a diagram for indicating map matching- 

purpose road network data in accordance with a fourth 
embodiment mode of the present invention. 

Fig. 22 is a flow chart for describing a process 
sequence of the map matching operation in accordance with 
25 the fourth embodiment mode of the present invention. 

Fig. 23 is a diagram for schematically showing a 
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map matching process operation in accordance with the 
fourth embodiment mode of the present invention. 

Fig. 24 is a diagram for showing shape vector data 
which is received in accordance with a fifth embodiment 
5 mode of the present invention. 

Fig. 25 is a flow chart for describing a sequential 
operation for determining a candidate point searching range 
in the map matching operation in the fifth embodiment mode 
of the present invention. 
10 Fig. 26 is a flow chart for indicating an updating 

sequential operation of road network data having a 
hierarchical structure in accordance with a sixth 
embodiment mode of the present invention. 

Fig. 2 7 is a diagram for schematically showing a 
15 sequential operation for producing data of a cache layer 
utilized in a map matching operation according to a seventh 
embodiment mode of the present invention . 

Fig. 28 is a diagram for representing a data 
structure of the data of the cache layer utilized in the 
20 map matching operation in accordance with the seventh 
embodiment mode of the present invention . 

Fig. 2 9 is a diagram for indicating a link which is 
hit in the map matching operation. 

Fig . 30 is a block diagram for indicating a 
25 transmission-sided device for distributing road network 
data having a hierarchical structure according to an eighth 
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embodiment mode of the present invention. 

Fig. 31 is a diagram for representing a data 
structure of shape vector data which is transmitted by the 
transmission-sided device in accordance with the eighth 
5 embodiment mode of the present invention. 

Fig. 32 is a block diagram for representing an 
arrangement of a transmission- sided device for adjusting a 
objective road section in accordance with the eighth 
embodiment mode of the present invention. 
10 Fig. 33 is a flow chart for describing a sequential 

operation for extracting parallel -traveling resembling 
shapes, executed by the transmission- sided device in 
accordance with the eighth embodiment mode of the present 
invention . 

is Fig. 34 is a flow chart for explaining a shape 

vector producing sequential operation of the transmission- 
sided device in accordance with the eighth embodiment mode 
of the present invention. 

Fig. 35 is a diagram for indicating the process 

20 sequential operation of the conventional macro map matching 
operation. 

Fig. 3 6 is a diagram for showing the data structure 
of the traffic information which is provided with the shape 
vector for the objective road. 
25 Fig. 37 is a diagram for indicating the data 

structure of the traffic information which has been encoded 
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in connection with the shape vector of the objective road 
to be provided. 

Fig. 38 is a flow chart for indicating a process 
sequential operation of a map matching operation in 
accordance with a tenth embodiment mode of the present 
invention . 

Fig. 3 9 is a diagram for indicating map data 
employed in the map matching operation in accordance with 
the tenth embodiment mode of the present invention . 

Fig. 40 is a flow chart for explaining a producing 
sequential operation of road network data having a 
hierarchical structure in accordance with a ninth 
embodiment mode of the present invention . 

Fig. 41 is a diagram for indicating a producing 
mechanism of the road network data having the hierarchical 
structure in accordance with the ninth embodiment mode of 
the present invention. 

Fig. 42 is a diagram for representing such a 
condition that the hierarchical structure of the present 
invention is applied to the information exchanging system. 

Fig. 43 is a diagram for indicating an arrangement 
of a system for transmitting/receiving event information 
based upon shape matching operation. 

Fig. 44 is an example for indicating a structure of 
event information. 

Fig. 45 is a diagram for indicating an information 
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format of a link. 

Fig. 4 6 is a diagram for showing information of a 

node . 

Fig. 47 is a diagram for representing shape vector 

5 data. 

Fig. 4 8 is a diagram for showing a shape vector 
which is transmitted. 

Fig. 49 is a conceptional view for representing a 
shape matching operation based upon a hierarchical layer. 
10 Fig. 50 is a diagram for showing a process flow 

operation for explaining the shape matching operation based 
upon the hierarchical layer. 

Fig. 51 is a conceptional view for indicating a 
shape matching operation based upon the hierarchical layer 
is in the case that a hierarchy common node is employed. 

Fig. 52 is a diagram for indicating a shape vector 
which is transmitted in the case that the hierarchical 
layer common node is employed. 

Fig. 53 is a diagram for representing a shape 
20 vector which is transmitted in the case that a link having 
a hierarchical layer identifier is employed. 

Fig. 54 is a conceptional diagram for representing 
a shape matching operation based upon a hierarchical layer 
in the case that the link having the hierarchical layer 
25 identifier is employed. 

Fig. 55 is a diagram for indicating a matching 
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operation result obtained in the case that the link having 
the hierarchical layer identifier is employed. 

Fig. 56 is a diagram for showing a process flow 
operation for describing a shape matching operation based 
5 upon a hierarchical layer in the case that a node owns 
hierarchical layer information. 

Fig. 57 is a diagram for indicating the traffic 
information providing center in the prior art. 

Fig. 58 is a diagram for showing the conventional 
10 idea used to identify the nodes and the links. 

It should be noted that reference numerals shown in 
the drawings are described as follows: 



10 reception- sided device; 

11 data receiving unit; 

is 12 shape vector expressing event information database; 

14 map matching unit; 

15 display unit/event information utilizing unit; 

16 digital map B database; 

17 map data information receiving unit; 
20 30 transmission-sided device; 

31 data transmitting unit; 

32 shape vector expressing event information database; 

33 feature node extracting/ shape vector deforming 
unit ; 

25 34 shape vector data expressing information producing 



unit ; 



30 



3 5 digital map A database ; 

3 6 event information database; 

37 map data information transmuting unit; 

3 8 hierarchical layer structure road network data; 

5 39 parallel -traveling resembling shape calculating 
unit ; 

40 parallel-traveling resembling shape database; 

113 hierarchical layer structure road network data; 

116 digital map data A; 

10 Ps start link; 

Pe end link; 

P c c ommon 1 i nk ; 

Ps start link; 

81 data transmitting unit; 

15 82 shape vector expressing event information data; 

83 feature node extract ing/shape vector deforming 
unit ; 

84 shape vector expressing information producing unit; 

85 event information data; 
20 8 6 map database; 

87 transmitting device; 

88 receiving device; 

241 upper-grade hierarchical layer; 

242 middle-grade hierarchical layer; 
25 261 upper -grade layer; 

2 62 middle -grade layer; 
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263 
264 
265 



link; 
link; 
link; 



5 <BEST MODE FOR CARRYING OUT THE INVENTION> 
(FIRST EMBODIMENT MODE) 

In a first embodiment mode of the present 
invention, a description is made of a basic conceptional 
idea as to a map matching method of the present invention. 

10 A reception-sided device which executes a map 

matching operation owns such a digital data as shown in 
Fig. 1. In this map data, information as to nodes and 
links are described which are located within sections 
defined by a header. The node information contains a total 

15 number of the nodes, node numbers of the respective nodes, 
node attribute information of the respective nodes, 
latitude and longitude of the respective nodes, and also, 
information as to connection nodes and connection links, 
which are connected to the respective nodes. Also, the 

20 link information contains a total number of the links, link 
numbers, attribute information indicative of road sorts of 
the links, a total number of interpolation points which 
define shapes of the links, and information as to latitude 
and longitude of the respective interpolation points. 

25 It should be understood that the node numbers, the 

link numbers, and the interpolation numbers have been 
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independently set by a producer of this map data, but have 
no common characteristics with respect to those of map data 
formed by another map data producer. 

The reception- sided device forms road network data 
5 having a hierarchical layer structure used for a map 
matching operation based on this map data. 

Fig. 2 indicates a conceptional idea of the road 
network data of this hierarchical layer structure. In this 
drawing, an example of a three -layer hierarchical structure 

10 is represented. Also, Fig. 3 indicates an example of road 
network data of each of the hierarchical layers. Fig. 2(c) 
corresponds to road network data of the lowermost layer of 
the hierarchical layer structure, to which data as to all 
of road networks are contained. An example of this road 

15 network data of this lowermost layer is represented in Fig. 
3(c). This road network data corresponds to such a map 
data similar to Fig. 1. Fig. 2(b) corresponds to road 
network data of a middle -grade layer which contains only 
such roads, the road widths of which are larger than, or 

20 equal to 5.5 m. This road network data is indicated in 
Fig. 3(b). Fig. 2(a) corresponds to road network data 
containing only main route roads which are greater than, or 
equal to major local roads. This road network data is 
shown in Fig. 3(a) . 

25 Data formats of the road network data of the upper- 

grade layer, the middle-grade layer, and the lower-grade 
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layer are identical to each other. It should also be noted 
that node numbers, link numbers, and interpolation point 
numbers are thinned as large as being permitted as to the 
upper-grade layer. As to a node number, such a number 
applied in the lowermost layer is directly used as a number 
of the corresponding node in the upper-grade layer. As to 
link numbers, it is preferable to apply such numbers which 
are unique to links of the respective layers in order that 
these unique link numbers are not repeated over all of the 
layers . 

It should also be noted that although the 3 -layer 
hierarchical structure has been exemplified in this 
example, a total number of hierarchies may be selected to 
be larger than, or equal to 3. 

Fig. 6 shows an arrangement of the reception- sided 
device 10 and an arrangement of a transmission- sided device 
30. The reception-sided device 10 holds the road network 
data having this hierarchical structure. The transmission- 
sided device 3 0 provides both traffic information and shape 
vector data of road shapes to the reception- sided device 
10 . 

The transmission- sided device 3 0 is provided with a 
database 36, another database 35, a shape vector data 
expressing information producing unit 34, a feature node 
extracting/shape vector deforming unit 33, a shape vector 
expressing event information database 32, and a data 



transmitting unit 31. The database 36 stores thereinto 
event information such as traffic information. The 
database 3 5 stores thereinto digital map A. The shape 
vector data expressing information producing unit 34 
5 produces event information in which a objective road is 
expressed by shape vector data by using the data of the 
databases 35 and 36. The feature node extracting/ shape 
vector deforming unit 3 3 adds a portion of a shape of an 
intersecting road to shape vector data at a featured node 

10 position in order to prevent an error matching operation 
and to correct a relative distance. The shape vector 
expressing event information database 32 stores thereinto 
both the shape vector data and the event information data, 
which have been produced. The data transmitting unit 31 

is transmits these data. Either data shown in Fig. 36 or data 
shown in Fig. 37 is transmitted from the data transmitting 
unit 31. 

On the other hand, the reception-sided device 10 is 
equipped with a data receiving unit 11, a shape vector 

20 expressing event information database 12, a map matching 
unit 14, a data base 16, and a display unit/event 
information utilizing unit 15. The data receiving unit 11 
receives data. The shape vector expressing event 

information database 12 stores thereinto the received data. 

25 The map matching unit 14 identifies a objective road by 
performing a map matching operation by using the road 
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network data 13 having the hierarchical layer structure. 
The database 16 stores thereinto digital map B. The 
display unit/event information utilizing unit 15 displays 
and utilizes event information, 
s It should also be noted that the map matching unit 

14 may be realized by causing a computer of this reception- 
sided device 10 to execute a process operation defined by a 
computer program. 

The road network data 13 of the hierarchical layer 

10 structure is previously produced by using the digital map B 
of the database 16 (producing sequential operation thereof 
will be explained later) . Also, a producer of the digital 
map B held in the database 16 of the reception-sided device 
10 is different from a producer of the digital map A held 

15 in the database 35 of the transmission-sided device 30. 

Also, the display unit/event information utilizing 
unit 15 displays a traffic jam place on a map, and searches 
a route by considering a traffic jam while traffic 
information of a objective road is employed. 

20 A flow chart of Fig. 5 indicates a process 

sequential operation of a map matching operation in the 
case that the reception- sided device 10 which holds the 
road network data 13 of this hierarchical layer structure 
receives shape vector data of a objective road from the 

25 transmission-sided device 30. 

When the reception- sided device 10 receives the 
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shape vector data of the objective road, the reception- 
sided device 10 executes a map matching operation while the 
road network data of the upper-grade layer is employed as 
high as being permitted, and nodes contained in the shape 
5 vector data are used as WP (step 1) . A concrete sequential 
operation thereof will be explained later. As the process 
operation itself of the map matching operation, the method 
such as the macro map matching method is used which has 
been conventionally known. 
10 The higher the layer becomes, the coarser the road 

network becomes, so that a total number of candidate points 
located around WP is small, and a processing operation of 
the map matching process operation can be carried out in a 
higher speed. 

15 On the other hand, normally, subject routes of 

traffic information correspond to speedways (expressways) , 
national roads, and major local roads (noted that important 
general -purpose roads belonging to the administrative 
divisions of Japan, and traffic information as to a portion 

20 of city roads are also provided in city area) . The 
probability at which a objective road can be identified in 
a map matching operation by using road network data of an 
upper-grade layer is very high. 

If such a case occurs in which the objective road 

25 cannot be identified by using the road network data of the 
upper-grade layer (for instance, in the case that candidate 
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point cannot be set) , a map matching operation is newly- 
carried out by using road network data of a lower grade. 

Also, even in such a case that the objective road 
can be identified by performing the map matching operation 
with employment of the road network data of the upper-grade 
layer, when such a road is present which is traveled in 
parallel thereto, there are some possibilities that an 
erroneous matching operation is carried out. 

For instance, in Fig. 4, assuming now that a wide 
solid line and a wide chained lines correspond to major 
local roads; a dotted line corresponds to a road belonging 
to the administrative divisions of Japan; and roads which 
are located between the above-described lines correspond to 
living roads, the widths of which are shorter than, or 
equal to 5.5 m; the road network data of the uppermost - 
grade layer contains only both the wide solid line and the 
wide chained line, whereas the dotted line is contained in 
the road network data of the middle-grade layer and the 
road network data of the lowermost layer, and the living 
roads are contained only in the road network data of the 
lowermost -grade layer . 

In the case that the wide chained line can be 
identified by a map matching operation with employment of 
this road network data of the uppermost -grade layer, even 
when a map matching operation is carried out by using both 
the road network data of the middle-grade layer and the 
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road network data of the lowermost -grade layer, such a road 
which is replaced by the wide chained line cannot be 
identified. 

However, in such a case that the wide solid line 
5 can be identified in a map matching operation with 
employment of the road network data of the uppermost -grade 
layer, there are some possibilities. That is, if a map 
matching operation is carried out by using the road network 
data of the middle-grade layer, then the dotted line is 

10 identified. Also, if a map matching operation is carried 
out by using the road network data of the lowermost -grade 
layer, living roads are identified which are traveled in 
parallel to the wide solid line and the dotted line. In 
other words, there is a certain possibility that such a 

15 condition that the wide solid line is determined as the 
objective road, which has been defined in the map matching 
operation using the road network data of the uppermost - 
grade layer, may cause an occurrence of an erroneous 
matching operation . 

20 As a consequence, a judgement is made as to whether 

or not such a road which may be erroneously map-matched at 
a peripheral area of the identified road is present in the 
road network data of the lower-grade layer (step 2) . A 
concrete sequential operation of this judgement will be 

25 discussed later. 

In the case that such a road which may be 
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erroneously map-matched is present, the road which has been 
defined by using the road network data of the upper-grade 
layer is determined as the objective road (step 6) . 

Also, in such a case that such a road is present 
5 which may be erroneously map-matched at the peripheral area 
of the identified road, a shape comparing operation is 
carried out with respect to shape vector data in order to 
check as to whether or not the identified road correctly 
corresponds to the objective road (step 4) . A concrete 
10 method of this shape comparing operation will be explained 
later. 

Based upon a result of this shape comparing 
operation, a judgement is made as to whether or not the 
road which has been identified based upon the road network 

is data of the upper-grade layer is correct as the objective 
road (step 5) . If this identified road is correct, then 
the identified road is determined as the objective road 
(step 6) . On the other hand, when it cannot be judged that 
the identified road is corrected as the objective road, a 

20 map matching operation is newly carried out by using the 
road network data of the lower-grade layer (step 7) . 

As previously explained, such a condition that the 
map matching operation is newly carried out by using the 
road network data of the lower-grade layer after the map 

25 matching operation has been carried out by using the road 
network data of the upper-grade layer may cause the process 
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operation executed in the upper-grade layer to become 
useless, and may cause a processing efficiency to be 
lowered, as compared with a processing efficiency achieved 
in such a case that a map matching process operation is 
5 carried out in the lower-grade layer from the beginning 
stage. However, in the case that a map matching operation 
in the upper-grade layer can succeed, and further, a 
parallel -traveling road which may be erroneously map- 
matched is not present, a process operation may be finished 

10 in an instant. As a consequence, in total performance 
obtained in several tens to several hundreds of map 
matching process operations, such a sequential operation 
owns a merit, in which the map matching operation of the 
road network data of the upper-grade layer is commenced in 

15 accordance with the sequential operation of Fig. 5. 

Fig. 7 shows an example of the process sequential 
operation defined in the step 1 of Fig. 5, namely, a 
process sequential operation in which a map matching 
operation is carried out as high as being permitted in 

20 high-grade layers. 

The hierarchical layer of the road network data 
which is used in the map matching operation is set to the 
highest grade (layer number = 1) (step 10) . While a node 
of shape vector data of a objective road is set as a WP, a 

25 map matching operation is carried out (step 11) . 

An evaluation value is calculated based upon a 
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distance error and an azimuth error between the WP and a 
candidate point of the selected shape pattern (step 12) . 
The evaluation value is calculated in accordance with, for 
example, the below-mentioned formula: 

evaluation value O = {S (a-Lj+p | 9j - 0j 1 | ) }/S 
In this formula, symbol "Lj " indicates a distance 
between WP(j) and the candidate point (j); symbol "6j M 
represents an absolute angle of WP(j); symbol "9j 1 " 
indicates an absolute angle of the candidate point (j); 
symbol "S" shows a distance of a shape pattern ; and 
symbols "a" and "15" are coefficients. 

Setting of the candidate point can succeed, and a 
judgment is made as to whether or not the evaluation value 
of the candidate point is defined within a defined value 
(step 13) . When the evaluation value of the candidate 
point is defined within the defined value, a objective road 
is defined based upon the selected shape pattern (step 14) . 

Also, in the step 13, when setting of the candidate 
point cannot succeed, or the evaluation value of the 
candidate point exceeds the defined value, a discrimination 
is made as to whether or not a hierarchical layer of the 
used road network data corresponds to the lowermost layer 
(step 16) . When the hierarchical layer corresponds to the 
lowermost layer, it is so assumed that the map matching 
operation fails, and then, the process operation is 



accomplished (step 17) . 

Also, in such a case that the hierarchical layer of 
the used road network data does not correspond to the 
lowermost layer in the step 16, the sequential operations 
5 defined from the step 11 are repeatedly carried out by 
using such a road network data, the layer number of which 
is decreased by 1. 

Since such a sequential operation is carried out, 
the map matching operation can be carried out in a high- 

10 grade layer as high as being permitted. 

Next, a description is made of the judging process 
operation of the step 2 of Fig. 5. 

In order that a judgment can be made as to whether 
or not such a road which may be erroneously map-matched and 

15 is located at a peripheral area of the objective road 
identified in the upper-grade layer is present in the road 
network data of the lower grade, attribute information 
(parallel-traveling resembling shape attribute) is 
previously added as link information to the road network 

20 data of the upper-grade hierarchical layer. The attribute 
information indicates as to whether or not a parallel - 
traveling shaped road is present. A road which is 
parallel-traveled implies a resembling shaped road, the 
angle difference of which is smaller than a predetermined 

25 angle, in this specification. Generally speaking, 

information as to a parallel-traveling resembling shape 
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attribute may be produced by using one, or more items of a 
plurality of WPs which have been set on the relevant road 
of the upper-grade layer, distances and azimuth differences 
between the plural WPs and corresponding proximate points 
5 on the adjoining roads, connection characteristics between 
the proximate points, and routed distances. A detailed 
explanation is given as follows: 

In order to evaluate as to whether or not a 
parallel -traveling resembling shaped road is present in 
10 each of links of an upper-grade layer, 

(1) as shown in Fig. 8, ,f WP(Pj) fI are properly set 
along the link of the upper-grade layer (center points 
among interpolation points and in unit of fixed length) . 

(2) A vertical line is drawn from each of WP(Pj) 
15 onto "n" pieces of peripheral roads which are contained in 

the lower-grade layer so as to set candidate points Pnj 1 
are set on the respective peripheral roads, and then, an 
evaluation value with respect to each of the peripheral 
roads is calculated in accordance with the below-mentioned 
20 formula: 

evaluation value <D = {£ (a- Lnj + 0 | 9 j -0nj ' | ) } /S 
In this formula, symbol "Lnj" shows a distance 
between WP(Pj) and the candidate point (Pnj 1 ); symbol "0j" 
represents an absolute angle of WP(Pj); symbol "S" shows a 
25 link length; and symbols "a" and "£" denote coefficients. 

In order to evaluate that the parallel -traveling 
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resembling shaped road is present with respect to the link 
of the upper-grade layer, such a condition that this 
evaluation value with respect to the peripheral road is 
smaller than, or equal to a constant value is a necessary 
5 condition. 

(3) In order to evaluate that the parallel - 
traveling resembling shaped road is present with respect to 
the link of the upper-grade layer, such a condition that a 
candidate position (Pnj-1 1 ) on the peripheral road and the 

10 candidate position (Pnj ' ) are connected as to all of "j" is 
a necessary . condition. As indicated in Fig. 9, in such a 
case that a portion of a peripheral road corresponding to a 
link of an upper-grade layer is cut, since an error 
matching operation does not occur, this peripheral road is 

15 derived from an object for the parallel -traveling 
resembling shaped road. 

(4) In order to evaluate that the parallel - 
traveling resembling shaped road is present with respect to 
the link of the upper-grade layer, such a condition that as 

20 to all of 11 j" on the peripheral road, an accumulated value 
of declination absolute values with respect to the shortest 
route between the candidate position (Pnj-1 1 ) and the 
candidate position (Pnj) is smaller than, or equal to a 
constant value, and further, routed distances WP(Pj-l) to 

25 WP(Pj) between the two points are substantially equal to 
each other is a necessary condition. Otherwise, such a 
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condition that a fluctuation of the distances (Lnj ) is 
smaller than, or equal to a constant value. 

It is so assumed that if the above-described 
conditions (2) , (3) , (4) are processed by way of AND-gating 
5 condition and all of these conditions can be satisfied, the 
parallel -traveling resembling shaped road is present with 
respect to the link of the upper-grade layer. 

As indicated in Fig. 10(a) , as the attribute 
information of the respective links, the parallel -traveling 

10 resembling shape attributes of the links are added to the 
road network data, and as represented in Fig. 10(b), 
presence/absence of a parallel -traveling resembling shaped 
road is described in the road network data (namely, 
presence/presence of partial section/absence) . 

is Also, such an information "connection 

(presence/absence) at up- stream/down- stream sided 

intersections) is added to the parallel -traveling 
resembling shape attribute. This information indicates as 
to whether or not this parallel-traveling resembling shaped 

20 road is connected to parallel -traveling resembling shaped 
roads at intersections, which are located adjacent to each 
other and in the links of the up stream and the down 
stream. From this information, it can be grasped as to 
whether or not the parallel -traveling resembling shaped 

25 roads which are present with respect to the respective 
links of the upper-grade layer are connected to each other. 
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If the parallel-traveling resembling shaped roads are not 
connected to each other, then such a judgement can be made 
that there is no risk as to an occurrence of an erroneous 
matching operation. For example, as shown in Fig. 11, in 
5 such a case that a resembling shaped link (qj + 1') 
corresponding to an adjoining link (qj + 1) of a down- 
stream, side of the own link (qj ) is not connected to a 
resembling shaped link (qj 1 ) of the own link (qj ) at an 
intersection, there is no risk that a road of an upper- 

10 grade layer is erroneously matched with a parallel - 
traveling resembling shaped road of a lower-grade layer. 

Since such a parallel-traveling resembling shape 
attribute of the link is previously added to the road 
network data, the process operation defined in the step 2 

15 of Fig. 5 may be carried out as follows: 

That is to say, a reference is made of the 
parallel-traveling resembling shape attributes of the 
respective links included in the identified road section 
from the road network data which has been employed so as to 

20 define the objective road in the step 1. 

Then, in such a case that the parallel -traveling 
resembling shapes are present within sections larger than, 
or equal to a portion of this road section, and 
furthermore, a connection of intersection portions is also 

25 present, such a judgment is made of "there are some 
possibilities that resembling shaped road is present in the 
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vicinity thereof in lower-grade layer." In other cases, it 
is so judged as "NO." 

It should be noted that this judgment may be 
alternatively carried out by considering an occurrence 
ratio of erroneous matching operations and the evaluation 
value "O" calculated in the above-described item (2) . 

It should also be noted that the evaluation value 
"3>" used to evaluate the presence of the parallel -traveling 
resembling shaped road may also be calculated from another 
formula . 

Alternatively, when the presence of the parallel - 
traveling resembling shaped road is evaluated, an algorithm 
of a pattern matching operation may be applied. 

Next, the description is made of an example of the 
shape comparing operation defined in the step 4 of Fig. 5. 

In order to readily perform this shape comparing 
operation, both a shape of the relevant link and a 
representative value indicative of a shape of a parallel - 
traveling resembling shaped road, namely "shape 
representative value" are contained in the parallel - 
traveling resembling shape attribute of the link which is 
added to the road network data. 

As this shape representative value, the below- 
mentioned values are employed: 

• "declination accumulated value": As indicated in 
Fig. 8, assuming now that positions on the parallel - 
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traveling resembling shaped road are equal to Pj 1 ( j = 1 to 
N) , which correspond to WP (pj ) (j = 1 to N) arranged in an 
equi -distance on the link of the upper-grade layer, a 
declination accumulated value of the link is obtained by 
5 adding declinations to each other at WP(Pj) (j = 1 to N) , 
and also, a declination accumulated value of the parallel- 
traveling resembling shaped road is obtained by 
declinations to each other at the positions Pj 1 ( j = 1 to 
N) . 

10 • "declination absolute value accumulated value" : A 

declination absolute value accumulated value of the link is 
obtained by adding declination absolute values to each 
other at WP(Pj) (j = 1 to N) , and a declination absolute 
value accumulated value of the parallel- traveling 

15 resembling shaped road is obtained by adding declination 
absolute values to each other at the positions Pj ' (j = 1 
to N) . 

"fluctuation with respect to relevant road 
(parallel -traveling road) of upper-grade layer" : This 
20 fluctuation is expressed by standard deviation of distances 
Lj (j = 1 to N) between WP(Pj) and the positions Pj 1 . 

In addition, a frequency spectrum and the like may 
be employed. 

Fig. 12 shows road network data in which such 
25 information has been added to a parallel- traveling 
resembling shape attribute, and furthermore, as to each of 
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parallel -traveling resembling shaped roads, the below- 
mentioned items have been added thereto. That is, 
declination accumulated values of links, declination 
absoluted value accumulated values of the links, and a 
5 total number of parallel -traveling resembling shapes have 
been added to the parallel -traveling resembling shape 
attribute. Furthermore, these items correspond to a 
resembling shape evaluation value (evaluation value "(I* 11 of 
(2)); a hierarchical layer; a road attribute; an 

10 entire/partial discrimination for indicating as to whether 
or not this parallel-traveling resembling shape is present 
in a portion of the link, or an entire portion of the link; 
a declination accumulated value; a declination absolute 
value accumulated value; a fluctuation (standard deviation) 

is with respect to the link; a connection/non-connection at an 
up-stream sided intersection; and a declination absolution 
value accumulated value (minimum value) of a connection 
portion as to each of the parallel -traveling resembling 
shaped roads . 

20 Fig. 13 indicates a detailed sequential operation 

in the case that the process operations defined in the step 
4 and the step 7 of Fig. 5 are carried out by using this 
road network data. 

While referring to the parallel -traveling 

25 resembling shape attributes of the respective links from 
the road network data which has been employed so as to 
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identify the objective road in the step 1, in such a case 
that a parallel -traveling resembling shaped road is present 
in either a portion of the identified road section or an 
entire section thereof, a shape representative value of a 
5 shape vector is calculated (step 41) . These links are 
included in the identified road section. 

Next , both a shape representative value of the road 
section identified in the map matching operation and a road 
sort contained in the link road attribute information are 

10 read out from the road network data. Also, a shape 
representative value and a road sort of a parallel - 
traveling resembling shape road are read out from the road 
network data, and then, these read shape representative 
values and road sorts are compared with the shape 

15 representative value and the road sort of the shape vector 
(step 42) . 

In this comparing operation, when the road sort of 
the shape vector is made coincident with the road sort of 
the road section identified in the map matching operation, 

20 and is different from the road sort of the parallel- 
traveling resembling shaped road, it is so evaluated that 
there is no possibility as to an occurrence of an error 
matching operation (step 5) . Also, if the evaluation 
cannot be made only based upon the road sorts, then the 

25 shape representative values are compared. In such a case 
that the road section identified by the map matching 
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operation owns a small shape difference with respect to the 
shape vector, as compared with the parallel -traveling 
resembling shaped road, it is so evaluated that there is no 
possibility as to an occurrence of an error matching 
operation (step 5) . 

Also, either when the road sort of the shape vector 
is not made coincident with the road sort of the road 
section identified in the map matching operation, or in 
such a case that although the road sort is made coincident 
with the road sort of the shape vector, the parallel- 
traveling resembling shape road owns a small shape 
difference with respect to the shape vector, it is so 
judged that there is a possibility as to an occurrence of 
an error matching operation. The uppermost layer where the 
relevant parallel -traveling resembling shaped road is 
present is judged from this road sort and the shape 
representative value, and then, this uppermost layer is 
selected. When the layer where this parallel-traveling 
resembling shaped road is present is not clear, the 
lowermost layer is selected (step 71) . 

While the road network data of the selected layer 
is employed, a map matching operation of the shape vector 
is newly carried out (step 72) so as to identify a 
objective road (step 73) . 

As previously explained, since this method can 
directly identify "if error map matching occurs, then road 
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belonging to which hierarchical layer is relevant the 
matching operation can be again carried out by using the 
road network data of the directly identified hierarchical 
layer without always using the lowermost layer which 
requires a lengthy process time. Thus, the re-calculation 
can be carried out in a higher efficiency. 

For instance, in an example of Fig. 14, assuming 
now that a shape vector is (1) ; a route section of an 
upper-grade layer identified in a map matching operation is 
(2) ; and a parallel-traveling resembling shaped road 
present in a lower-grade layer is (3) , when a calculation 
is made of both declination accumulated values and 
declination absolute value accumulated values as to (1) , 

(2) , (3) , and also, when a fluctuation between the shape 
(1) and the shape (2) , and a fluctuation between the shape 
(1) and the shape (3) are calculated, the following results 
are made : 

• declination accumulated values (1) nearly equal 

to (2) nearly equal to (3) nearly equal to 0 degree. 

> 

• declination absolute value accumulated values 180 
degrees nearly equal to (1) nearly equal to (3) not equal 
to (2) nearly equal to 0 degree. 

fluctuation between shape (1) and shape (2) 
nearly equal to fluctuation between shape (1) and shape 

(3) . 

It can been seen that such a road which may be 
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erroneously matched is located in the third layer by simply 
comparing these values with each other. 

It should also be noted that as to the calculation 
of the shape representative value of the shape vector in 
the step 41, in such a case that when the shape vector is 
compressed, the shape vector is re -sampled in an equi- 
distance and the declination is coded in the variable 
length in the transmission- sided device , the reception- 
sided device can simply calculate both the declination 
accumulated value and the accumulated value of the 
declination absolute value for the received data. 

Also, in such a case that a parallel- traveling 
resembling shaped road is present within a partial section, 
such a mode as shown in Fig. 15 is taken. In this case, it 
is so supposed that the parallel- traveling resembling 
shaped road must be merged into the relevant road at a 
certain intersection. In other words, it is so supposed 
that the parallel -traveling resembling shaped road must be 
curved at a certain place. As a result, in a step 42, the 
shape is investigated as to a detailed portion. Then, when 
it can be judged that the shape of the shape vector does 
not own such a curve as the parallel -traveling resembling 
shaped road, but owns shape approximated to a shape of a 
main road, a reexecution of a map matching operation is no 
longer required based upon road network data of a lower 
layer in the most cases . 
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On the other hand, in such a case that a parallel - 
traveling resembling shaped road is present in an entire 
section, it is practically difficult to define that a shape 
vector corresponds to a main road based upon only a shape 
5 in the most cases, and a reexecution of a map matching 
operation by using load network data of a lower layer is 
required. 

To this end, when the transmission-sided device 
identifies a objective road of traffic information, a 

10 certain idea is made. In such a case that a parallel - 
traveling resembling shaped road is present, if a section 
of a objective road is selected in such a manner that this 
parallel -traveling resembling shaped road may become "a 
parallel -traveling resembling shaped road is present in a 

15 partial section", then the reception-sided device can deny 
a possibility of an error matching operation based upon the 
process operation of the step 42, and also, the reexecution 
of the map matching operation in the lower layer is not 
required in the most cases. 

20 Also, in such a case that a judgment is made as to 

a road directed to an up stream being combined with a road 
directed to a down stream, a map matching operation is 
carried out only as to one-sided road, and a map matching 
operation for the other-sided road is omitted, a process 

25 operation can be carried out in a higher efficiency. 

As previously described, in accordance with this 
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map matching method, the objective road can be correctly 
identified in the high speed. In particular, similar to 
the objective road of the traffic information, this map 
matching method may achieve a large effect in such a case 
5 that an unequal condition appears in roads included in 
objective roads within a road network. 

Also, with respect to travel locus transmitted from 
a probe (traveling vehicle) of a probe acquisition system, 
there is an unequal condition in roads included in 

10 objective roads within a road network in view of such a 
relationship "A main road owns a large traffic amount. If 
a traffic amount is large, then an up-link frequency is 
also high." As a result, since this map matching method is 
applied to the probe acquisition system, a great effect may 

15 be achieved. 

Also, as shown in Fig. 10(a) or Fig. 12, while a 
frequency of selections by the user and statistical 
information (for instance, frequency at which either 
traffic jam or freezing occurs due to season, year, month, 

20 day, time, and weather factors) are added to the 
hierarchical number information contained in the header 
information, a change in probability at which a road may 
become a specific subject may be alternatively predicted by 
using this information in order to further shorten a 

25 processing time required for a map matching operation. 

In this case, when the predicted road network is 
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not selected, a map matching operations is carried out 
based upon the normal hierarchical information contained in 
the header information shown in Fig. 10(a) . 

Alternatively, the roads of the respective 
hierarchical layers of the hierarchical road network may be 
determined based upon the below-mentioned road attributes: 

Road sort: speedway /national road/major local 
road/road belonging to the administration divisions of 
Japan/city road/narrow town road. 

• Road number: numbers applied to the respective 
road sorts, National road 246 > 246, Prefecture road 407 
route > 4 07. 

Toll/free: discrimination as to whether or not 
road is toll road. 

■ Road modes: main lane/ side lane/ communication 
road (IC portion etc.) /rotary and the like, which represent 
functions of roads. 

Route for providing traffic information: route 
which has been previously recognized an traffic information 
providing subject route, VICS link objective road. 

(SECOND EMBODIMENT MODE) 

In a second embodiment mode of the present 
invention, a description is made of an improvement in the 
process operation defined in the step 1 of Fig. 5, namely, 
an improvement in such a process operation that the map 



matching operation is carried out in the high-grade layer 
as high as being permitted. 

Since the road network data having the hierarchical 
layer structure has been originally classified to be formed 
on account of the map data held by the reception-sided 
device, the transmission-sided device normally cannot grape 
such items that which road section is contained in the 
upper-grade layer of this hierarchical layer structure, and 
which road section is contained in the lower-grade layer 
thereof. As a consequence, there are some possibilities 
that a road section of the upper-grade layer is mixed with 
a road section of the lower-grade layer within a single 
shape vector transmitted from the transmission-sided 
device . 

In such a case, for example, even when the 
reception-sided device commences a map matching operation 
by using the road network data of the upper-grade layer and 
hits candidate points in a half way under satisfactory 
condition, the reception-sided device cannot acquire 
candidate points at a time instant when the shape vector of 
the road section of the lower-grade layer appears, so that 
the reception- sided device restarts a map matching 
operation from the beginning portion by using the road 
network data of the lower-grade layer. More specifically, 
this problem may become conspicuous in such a case that the 
feature node extracting/shape vector deforming unit 33 of 
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the transmission- sided device 3 0 (Fig. 6) adds a portion 
(called as "mustache") of a shape of an intersecting road 
to shape vector data in order to avoid an error matching 
operation and also to correct a relative distance. 
5 This status is represented in Fig. 16. In the case 

that the transmission-sided device transmits shape vector 
data of Pa>Pb, this transmission- sided device adds thereto 
both Ps>Pa and Pb>Pe as the mustaches, and transmits such a 
shape vector data of Ps>Pa>Pb>Pe to the reception-sided 
10 device. 

However, although a section of Ps>Pa>Pb is* 
contained in the road network data of the upper-grade layer 
of the reception- sided device, another section of Pb>Pe is 
not contained in this road network data. As a result, when 

15 a map matching operation is commenced by using the road 
network data of the upper-grade layer, a candidate point is 
hit up to the section of Ps>Pb, but a candidate point 
cannot be obtained in the section between Pb>Pe, so that 
the map matching operation must be newly carried out by 

20 using the road network data of the lower-grade layer. 

In order to improve such an inefficient aspect, in 
this embodiment mode, when the candidate point can be no 
longer hit in the upper-grade layer, the map matching 
operation is transferred to the lower-grade layer. 

25 To realize this operation, the below-mentioned data 

are set to the road network data of the respective 
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hierarchical layers . 

As shown in Fig. 17, an interlayer linking node 
used to be transferred to a one-lowered hierarchical layer 
is set to road network data of each of hierarchical layers 
except for the lowermost -grade layer, and a link is once 
segmented by this interlayer linking node. Since the 
interlayer linking node is not an intersection, a 
connection link is only one link. In Fig. 17, the 
interlayer linking node is set to such a position that an 
intersection is located in the one-lowered hierarchical 
layer. However, there is no necessity that this interlayer 
linking node is not always set on the intersection, but may 
be set to an .arbitrary place. 

It should be understood that since such a fact that 
the link is segmented causes the performance to be 
deteriorated, the interlayer linking nodes are set in such 
a manner that a distance between the interlayer linking 
nodes is longer than, or equal to a predetermined distance. 

• The uppermost layer number which is present (for 
example, as to general -purpose road belonging to the 
administrative divisions of Japan, "2" is set since 
uppermost layer number is present below 2 layers) is set as 
attribute information of each link to road network data of 
the respective layers which contain the lowermost grade 
layer . 



While the reception- sided device commences a map 
matching operation by using the road network data of the 
upper-grade layer and candidate points are hit under 
satisfactory condition, this reception-sided device 
5 continuously uses the road network data of the upper-grade 
layer. When the reception-sided device fails to seek a 
candidate point, the map matching operation is returned 
back to such a position of the nearest interlayer linking 
node through which the map matching operation has already 

10 passed. Then, the road network data of the upper-grade 
layer is transferred to the road network data of the lower- 
grade layer, and a map matching operation from this 
position is continuously carried out by using the road 
network data of the lower-grade layer. 

15 Since the above-explained interlayer linking node 

is set, the process operation does not become useless which 
has been carried out by using the road network data of the 
upper-graded layer, so that the map matching operation can 
be carried out in a higher efficiency. 

20 It should also be noted that as shown in Fig. 

18(a), in the case of an intersection, "interlayer linking 
node" is not necessarily required under normal condition. 
Assuming now that in a map matching operation of an upper- 
grade layer containing only a wide solid line, a searching 

25 operation of a candidate point can succeed in WP (A) and a 
searching operation of a candidate point has failed in 
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WP(B), if the map matching operation is finally returned to 
WP (A) where the searching operation of the candidate point 
could succeed and the map matching operation of the upper- 
grade layer is transferred to that of a lower-grade layer, 
then the map matching operation in the lower-grade layer 
can be continuously carried out. 

However, in such a case as represented in Fig. 
18 (b) , in a map matching operation of an upper-grade layer 
containing only a wide solid line , when a searching 
operation of a candidate point can succeed in WP (A) and a 
searching operation of a candidate point has failed in 
WP(B), even if the map matching operation is returned to 
WP (A) and the map matching operation of the upper-grade 
layer is transferred to that of a lower-grade layer, the 
road matched by the map matching operation in the upper- 
grade layer cannot be connected to a road matched by a map 
matching operation in the lower-grade layer. In such a 
case, it is required to clear "where is a point used to be 
connected to a road network of a lower-grade layer 11 , and 
therefore, this may play a role of an interlayer linking 
node "C." 

Also, in this case, if the map matching operation 
is returned up to a point separated from the interlayer 
linking node C along a right direction and the map matching 
operation of the upper-grade layer is transferred to that 
of the lower-grade layer, the road matched by the map 
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matching operation of the lower-grade layer can be 
connected to a road network of the lower-grade layer. As a 
consequence, instead of setting of such an interlayer 
linking node C, a distance returned up to the point 
separated from the interlayer linking node C along the 
right direction may be set to each of links (links among 
interpolation points etc.) as "return distance when map 
matching operation is transferred to lower-grade layer." 

(THIRD EMBODIMENT MODE) 

In a third embodiment mode of the present 
invention, a description is made of a method for performing 
a map matching operation in an upper-grade layer in a 
higher efficiency in the process operation defined in the 
step 1 of Fig. 5. 

In such a case that a map matching operation is 
carried out by using road network data of an upper-grade 
layer, since an averaged link length is long, nodes may be 
set to WPs, which have been selected at intervals from a 
structural node column of shape vector. 

Thus, in a first method, in such a case that the 
road network data of the upper grade layer is employed, a 
map matching operation is carried out by using such nodes 
as WPs. The nodes have been selected, for instance, every 
"N" pieces from the structural node column of the shape 
vector. As explained above, since the nodes are thinned 



(skipped) from the shape vector so as to be employed as 
WPs, a total number of WPs is decreased, and processing 
time of the map matching operation can be shortened. A 
ratio of thinning the nodes is set by considering an 
averaged link length and declination of a shape vector. 
Alternatively, one node may be extracted as WP in the unit 
of N nodes, or one node may be extracted in the unit of a 
fixed distance. 

In other words, a node is thinned in correspondence 
with a characteristic of a hierarchical layer. As a 
concrete thinning method, a node is thinned one time every 
N nodes, otherwise, a node is thinned one time every fixed 
distance in a mechanical sense. Alternatively, "skip 
distance" may be set in hierarchical type data in a high- 
class thinning method. 

Also, in a second method, a distance interval 
between WPs which are selected while nodes are thinned from 
a shape vector is previously set as a recommended skip 
distance in correspondence with a link of an upper-grade 
layer, and is defined as link information of the road 
network data of the upper-grade layer. 

As represented in Fig. 19, this recommended skip 
distance is set as follows: That is, viewing a map matching 
direction (namely, up stream direction in case that map 
matching operation is carried out from down stream side) 
from either each of interpolation point or a center point 
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of a link, in such a case that the next node corresponds to 
an intersection node, this recommended skip distance is set 
based upon an approximated distance from either each of the 
interpolation points or the center point of the link up to 
5 this intersection node. Also, viewing the map matching 
direction from either each of the interpolation point or 
the center point of the link, in such a case that the next 
node corresponds to an interlayer linking node, this 
recommended skip distance is set based upon an approximated 
10 distance from either each of the interpolation points or 
the center point of the link up to a center point of the 
next link. 

In the case that a map matching operation is 
carried out by using road network data of an upper-grade 
15 layer, nodes are thinned from the structural node column of 
the shape vector in accordance with the recommended skip 
distance defined in the link information, and such nodes 
used as WPs are selected. 

As a result, since a total time of the candidate 
20 point searching operations is decreased and also a total 
number of pattern numbers is decreased, a processing time 
required for the map matching operation can be shortened. 

It should also be understood that when such a 
method is employed in which nodes are re- sampled in an 
25 equi -distance during compression of shape vector and 
declination is coded in a variable length, since distances 
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between the nodes of the shape vector become equi- 
distances, it is possible to simply execute that the nodes 
are skipped by a designated distance along the shape 
vector . 

5 Also, in a third method, a recommended skip 

distance is designated in such a manner that WPs can be set 
before and after "a place where a feature of a shape is 
produced (= place which is better to be checked) of a link 
of the relevant layer. 

10 As indicated in Fig. 20, in this third method, in 

such a case that a link shape expressed by the road network 
data of the upper-grade layer owns a featured crank shape, 
a recommended skip distance is designated based upon the 
link information of the road network data in such a manner 

15 that WPs are set to positions of this crank shape. 

A featured portion in a link shape may be judged 
based upon both a dimension of a declination accumulated 
value per a unit section of a link and a dimension of a 
declination absolute value accumulated value per the unit 

20 section of the link. 

As previously explained, since WPs are set to the 
place where the feature of the link shape is produced, even 
if WPs are thinned, the feature of the link can be grasped 
and the link can be identified in a correct manner by the • 

25 map matching operation. 

Also, even when the shape of the relevant link has 
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no feature, such a place (= place which is better to be 
checked) that a parallel -traveling resembling shaped road 
owns a feature may be alternatively designated based upon 
the recommended skip distance. In this alternative case, 
if this link is selected as the candidate point by the map 
matching operation of the shape vector, then it is possible 
to judge that a parallel -traveling resembling shaped road 
of a lower-grade layer does not correspond to the objective 
road. 

(FOURTH EMBODIMENT MODE) 

In a fourth embodiment mode of the present 
invention, a description is made of a method for performing 
a map matching operation in an upper-grade layer in a 
higher efficiency in the process operation defined in the 
step 1 of Fig . 5 by combining the first embodiment mode and 
the second embodiment mode with the third embodiment mode . 

Fig. 21 indicates road network data (portion of 
hierarchical layer structure) in this embodiment mode. In 
this road network data, as link information, the data as to 
"uppermost layer number of present road" and "return 
distance when map matching operation is transferred to 
lower- graded layer) explained in the second embodiment mode 
are contained, and also, the data as to "recommended skip 
distance" explained in the third embodiment mode is 
contained. 



Also, a flow chart of Fig. 22 indicates a map 
matching method in this embodiment mode. Fig. 23 

schematically shows this map matching method. In this 
case, the flow chart indicates that a hierarchical layer 
structure of road network data corresponds to 2 layers, and 
a shape vector is map-matched from a down stream toward an 
up stream in this order of Ps>Pa>Pb>Pa>Pd>Pe . 

In this method, first of all, a searching operation 
is started as to candidate points located at a peripheral 
portion of a terminal WP(Ps) in the lowermost -grade layer 
(step 51) . A map matching operation is carried out within 
a short section in the lowermost -grade layer so as to 
acquire a plurality of candidate points (step 52) , and then 
this layer number is identified (step 53) . As previously 
explained, the reason why the map matching operation is 
commenced from the lowermost -grade layer is to avoid a 
fatal erroneous matching operation at the starting point. 

A next WP is determined, and a candidate point is 
searched (step 54) . At the starting stage of the map 
matching operation, an adjoining point is selected to the 
next WP. When the candidate point searching operation is 
repeatedly carried out, and then the candidate point 
searching operation is continued at the same layer number, 
the next WP is determined with reference to the recommended 
skip distance . 

A check is made as to whether or not a candidate 
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point searching operation in the next WP can succeed (step 
55) . In such a case that the candidate point searching 
operation continuously can succeed, and further, the 
relevant road is also defined in the upper-grade layer, the 
5 map matching operation is transferred to the upper-grade 
layer (step 56) . If all of WPs are not yet accomplished 
(in case of "NO" in step 59) , the sequential operation 
defined from the step 54 is repeatedly carried out. Also, 
when all of WPs are ended (in case of "YES" in step 59) , 

10 the process operation is accomplished . 

Also, in such a case that the candidate point 
searching operation fails (in case of "NO" in step 55) , a 
check is made as to whether or not the candidate point 
searching operation continuously fails (step 57) . If the 

15 candidate point searching operation does not continuously 
fail, then WP which is to be searched is returned up to a 
position of an interlayer linking node, or up to a return 
distance when the map matching operation is transferred to 
the lower-grade layer, and then, the map matching operation 

20 of the upper-grade layer is transferred to the lower-grade 
layer (step 58) . Then, when all of WP are not ended (in 
case of "NO" in step 59) , the sequential operation defined 
from the step 54 is repeatedly carried out. 

Also, when the candidate point searching operation 

25 continuously fails (in case of "YES" in step 57) , such a 
judgement is made that the hierarchical layer of the 
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starting point is incorrect, and thus, the identified 
hierarchical layer is again acquired. 

In the example of Fig. 23, since the map matching 
operation of Ps is commenced from the lower-grade layer, 
5 and also, the candidate point searching operation can 
continuously succeed, the map matching operation of the 
lower-grade layer is transferred to the upper-grade layer, 
and then, the map matching operation of Pc>Pd>Pe is carried 
out in the upper-grade layer. However, since the candidate 
10 point searching operation of Pe fails, the map matching 
operation is returned up to the position of the interlayer 
linking node Pc and the map matching operation is 
transferred to the lower-grade layer. Then, the map 
matching operation of Pd>Pe is carried out in the lower- 
is grade layer. 

As previously explained, since the map matching 
operations are carried out among the road network data of 
the plural layers having the hierarchical structure, the 
effective map matching operations based upon the upper- 
20 grade layer can be carried out many times, so that the 
processing time for the map matching operation can be 
shortened. 

(FIFTH EMBODIMENT MODE) 
25 In a fifth embodiment mode of the present 

invention, a description is made of a method for 
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determining a range of a candidate point searching 
operation for a map matching operation in response to an 
error condition of a shape vector. 

In a map matching operation, if an error of a shape 
5 vector for applying WP is small, then a range of a 
candidate point searching operation can be narrowed, 
whereas if an error of a shape vector is large, then a 
range of a candidate point searching operation can be 
widened. As previously explained, the range of the 

10 candidate point searching operation is variably set in 
response to an error of WP, rather than is set in a fixing 
manner, so that the searching range can be properly set. 
Also, a process operation in a map matching operation can 
be carried out in a higher efficiency. 

15 Elements of errors of shape vector data contain 

precision of base map data which is used to form shape 
vector data by a transmission-sided device, a deformation 
amount at which map data is intentionally deformed in order 
to avoid an error matching operation (described in Japanese 

20 Laid-open Patent Application No. 2001-132610), a shape 
deformation allowable error when encoded shape vector data 
is compressed in a non-reversible manner (described in 
Japanese Laid-open Patent Application No. 2001-132611), and 
so on . 

25 As indicated in Fig. 24, the transmission-sided 

device transmits the above-described information to the 



71 



reception-sided device, while the above -explained 
information is contained in the shape vector data as "base 
map precision information of shape vector", "maximum 
deformation amount when deformation is made so as to avoid 
error matching operation", and "maximum allowable error 
during non-reversible compressing operation." 

The reception- sided device can set a range of a 
candidate point searching operation in response to an error 
condition of a shape vector based upon the above -described 
information. 

A flow chart of Fig. 25 indicates a setting 
sequential operation as to a candidate point searching 
range in response to an error condition of this shape 
vector. 

The precision information (A) of the base map is 
acquired from a shape vector data stream (step 20) . Next, 
a maximum deformation amount (B) when the deformation is 
made so as to avoid the error matching operation is 
acquired from the shape vector data stream (step 21) . 
Next, a maximum allowable error (c) during the non- 
reversible compression operation is acquired from the shape 
vector data stream (step 22) . A range of the candidate 
point searching operation is determined from these acquired 
(A) , (B) , (C) (step 23) . 

For instance, assuming now that such a base map 
precision information "base map of transmission side is 
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1/25,000" has been entered in the shape vector, and, on the 
other hand, precision of map data of the reception-sided 
device is equal to 11 1/2,500", there is a shift of 
approximately 70 m in maximum. 
5 Also, if a shift of 10 m in maximum is present in 

the deformation for avoiding the erroneous matching 
operation, then such a shift of 80 m in maximum is produced 
by combining this shift with the error caused by the base 
map precision. 

10 Also, assuming now that an allowable error of 10 m 

in maximum is set when the shape vector is compressed in 
the non-reversible manner, a shift of 90 m in maximum is 
produced by combining the error caused by the base map 
precision with the deformation used to avoid the error 

15 matching operation. As a consequence, a candidate point 
may be found out within such a range whose radius is 90 m. 
Thus, although the range of the candidate point searching 
operation has been conventionally fixed to approximately 
250 m, the searching range of the present invention can be 

20 set in a more proper manner. 

(SIXTH EMBODIMENT MODE) 

In a sixth embodiment mode of the present 
invention, a description is made of a method for 
25 sequentially optimizing hierarchical layer structure of 
road network data based upon reception information. 
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Actually speaking, a road section for receiving 
traffic information is determined to some extent. As a 
consequence, road network data having a hierarchical layer 
structure, which has been set in a default setting 
operation is updated based upon a data reception time, a 
matching result, and the like, and thus, this road network 
data can be sequentially optimized as road network data 
having a hierarchical layer structure which is fitted to a 
reception environment . 

For example, in such a case that a road section 
included in an upper-grade layer is appropriate to a 
objective road only 1 time to 2 times while traffic 
information has been received 10 times, the road section is 
deleted from the upper-grade layer. Since such a data 
rearranging operation is carried out, the road network data 
of the upper-grade layer becomes light, so that a map 
matching process operation can be carried out in a high 
speed. 

Also, as to such a road section which has been 
involved only in the lower-grade layer in the beginning 
stage, if such a frequency is high at which this road 
section appears as the objective road, then this road 
section is contained in the upper-grade layer. Such a case 
that a sensor or the like are newly set to a road, and 
then, traffic information of this road is provided may 
correspond to the above-explained case. Since the 
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optimizing process operation of the hierarchical layer 
structure is carried out, a hit ratio in the upper-grade 
layer is increased, and a map matching operation can be 
performed in a high speed . 
5 Also, as previously explained in both the second 

embodiment mode and the fourth embodiment mode, in the case 
that a objective road within a single shape vector bridges 
a plurality of hierarchical layers, a objective road is 
identified in the above-described manner. When a frequency 

10 at which traffic information is provided is high, all of 
sections of this objective road can be involved in the 
upper-grade layer by sequentially optimizing the 
hierarchical layer structure . 

A process sequential operation of this optimization 

15 will now be described. 

First, appearing probability to traffic information 
with respect to reception times of the traffic information 
is defined as a target hit ratio to each of the layers of 
the hierarchical structure . 

20 For instance, appearing probability with respect to 

reception times of past several tens of items is set as 
follows : 

First layer: appearing probability higher than, or 
equal to 80 % with respect to reception times, 
25 Second layer: appearing probability of 80 to 50 % 

with respect to reception times, 
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Third layer: appearing probability of 50 to 10 % 
with respect to reception times , 

Fourth layer: appearing probability lower than 10 % 
with respect to reception times. 

Next, in accordance with a sequential operation 
shown in Fig. 26(a), a objective road is identified by 
executing a map matching process operation when traffic 
information is received (sequential operation until 
objective road is identified is identical to sequential 
operation of Fig. 7) . While a hit number counter is set to 
the identified objective road (step 18) , road sections 
which have be defined as the objective road are counted. 

While this count value is employed, the optimizing 
operation of the hierarchical layer structure is 
sequentially carried out in an off-line process mode in 
accordance with a sequential operation shown in Fig. 26(b). 

A hit ratio in the unit of the road section is 
calculated based upon both the reception times and the 
count value of the hit number counter (step 80) . 

In the case that the reception time is reached to a 
predetermined time, the respective road sections are 
rearranged as such hierarchical layers that hit ratios 
thereof are made coincident with target hit ratios, and the 
roads of the respective hierarchical layers are recombined 
with each other, and thus, the road network data having the 
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hierarchical structure is updated. Next, both the 

reception time and the hit number counter are set (step 
81) . 

Alternatively, in this case, while a map matching 
process-purpose file and an updating operation-purpose file 
are prepared, data used to execute the map matching process 
operation and data to be updated in the background may be 
separately utilized. When the updating process operation 
is accomplished, separate using of these files may be 
switched. 

Since these process operations are carried out, the 
road networks of the respective layers can be optimized in 
correspondence with the reception environment. 

It should also be noted that when a network is 
added/deleted, a hysteresis may be applied in order that a 
hunting phenomenon does not occur in the vicinity of a 
boundary of a target hit ratio. For example, in the case 
that the appearing probability becomes smaller than, or 
equal to 75 %, a network is deleted form the first layer, 
whereas in the case that the appearing probability exceeds 
85 %, a network is added in the first layer. 

Since a sensor installed on a road is brought into 
a malfunction condition, there is a certain possibility 
that a provision of traffic information is temporarily 
stopped. As a result, even in such a case, as to 
speedways, national roads, and the like, such an 
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identification flag "absolutely not be deleted" may be 
applied to the speedways, the national roads, and the like 
in order that the road network of these speedways and 
national roads is not deleted from the upper-grade layer. 

Also, when a vehicle receives traffic information 
at a destination place, as to a road condition around this 
destination place, detailed traffic information is 
provided, whereas as to a road condition separated far from 
this destination place , coarse traffic information is 
provided. As a consequence, when the road networks of the 
respective layers are updated, a hierarchical layer may be 
alternatively lowered in such a manner that road density is 
increased within a road section near a position of the own 
vehicle, whereas the hierarchical layer may be 
alternatively increased in such a manner that road density 
is decreased within a road section separated far from the 
position of the own vehicle. 

Alternatively, since a detailed content of traffic 
information transmitted from a beacon type transmitter is 
different from that transmitted from a broadcasting type 
transmitter, the road network data having the hierarchical 
structures which are different from each other, depending 
upon traffic information transmitting media, may be 
alternatively managed. 

Alternatively, the road network data having the 
different hierarchical layer structures may be managed 
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based upon transmission source ID (broadcasting station 
number < TOKYO - KANAGAWA Prefecture eto) of traffic 
information, and information source ID (National Police 
Of f ice -Metropolitan Highway Institute etc.). 

Also, in the case of the probe information 
acquisition system, the road network data having the 
hierarchical layer structure which is held by the center is 
updated, while a hit number per unit time and hit 
probability within all of received locus data are employed 
as a parameter. 

Also, in this case, since features are varied in 
accordance with a sort of day (week day/holiday/5-th day, 
10-th day/Saturday) and a time range, the road network data 
having the hierarchical layer structures may be 
alternatively managed, depending to the sort of day and the 
time range. 

As previously explained, the map matching device 
learns that which road section owns the higher hit ratio 
based upon the actual match's results obtained from several 
times of the past map matching operations, and then, the 
road network data having the hierarchical layer structure 
is sequentially updated based upon this learning result. 
As a consequence, the map matching device can reduce such a 
waste process operation that the map matching operation is 
newly carried out while the hierarchical layers are 
changed, and/or the hierarchical layers are switched in a 



half way while the map matching operation is carried out. 



(SEVENTH EMBODIMENT MODE) 

In a seventh embodiment mode of the present 
invention, a description is made of a method for utilizing 
a cache area as the uppermost -grade layer of the road 
network data having the hierarchical layer structure. 

In this method, as schematically shown in Fig. 27, 
links (links among interlayer linking nodes) which have 
been hit in the respective layers are copied in a cache 
area, and then, a road network of this cache area is 
employed as the uppermost layer. 

Fig. 28 indicates road network data having a 
hierarchical layer structure at this time. Fig. 28(a) 
shows road network data of an upper-grade layer, Fig. 28(b) 
represents road network data of a lower-grade layer, and 
Fig. 28(c) indicates road network data of a cache layer. 

Now, as shown in Fig. 29, when a link SK2 is hit 
which is defined by that a map matching operation is 
commenced from a node K2 of a lower-grade layer and is 
reached up to a node S, both a link number and link 
information as to the link SK2 ; node numbers, attribute 
information, latitude/longitude of the node K2 and the node 
S; and connection information among these nodes of the road 
network data (Fig. 28(b)) of the lower-grade layer are 
copied to the road network data (Fig. 28(c)) of the cache 
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layer. If such information as a shape representative value 
and a parallel -traveling resembling shaped road shape 
attribute is contained in the link information, then all of 
the above-described information is copied to the cache 
layer. It should also be noted that a recommended skip 
distance and the like must be again calculated. 

Both a node number and a link number of the road 
network data of the cache layer (Fig. 28(c)) are calculated 
every time data is copied to the cache layer so as to be 
updated. 

Also, when another link SJ1 refined from a node S 
up to another node Jl of the upper-grade layer shown in 
Fig. 29 is hit both a link number and link information as 
to the link S Jl ; node numbers, attribute information, 
latitude/longitude of the node Jl and the node S; and 
connection information among these nodes of the road 
network data (Fig. 28(a)) of the upper-grade layer are 
copied to the road network data (Fig. 28(c)) of the cache 
layer . 

Since information of traffic information is 
acquired by using sensors which are installed on roads, in 
an actual case, substantially same traffic information is 
provided within a objective road section every time. As a 
consequence, since the road network data of the cache layer 
which has been copied in the above-described manner is. 
employed as the uppermost -grade layer, although the map 
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matching process operation when the traffic information is 
received first time just after the system is initiated is 
slow, the second map matching process operation and the 
succeeding map matching process operations can be quickly- 
carried out . 

(EIGHTH EMBODIMENT MODE) 

In an eighth embodiment mode of the present 
invention, a description is made of a contribution of a 
transmission- sided device in order to execute a map 
matching operation in a high speed. 

In the respective embodiment modes which have been 
so far described, while the road network data of the 
hierarchical layer structure is prepared on the reception 
side, the map matching operation is carried out by using 
this road network data. Alternatively, another mode may be 
realized in which a transmission-side device distributes 
road network data of a hierarchical layer structure to a 
reception-sided device . 

Fig. 30 indicates both an arrangement of this 
transmission- sided device 3 0 and an arrangement of this 
reception-sided device 10. The transmission-sided device 30 
is equipped with a map data information transmitting unit 
37. The map data information transmitting unit 37 
distributes both road network data 38 of a hierarchical 
layer structure, and a digital map A which has been stored 
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in a database 35 to the reception-sided device 10. Also, 
the reception-sided device 10 is equipped with a map data 
information receiving unit 17 which receives these map data 
information. The reception-sided device 10 executes a map 
matching operation and a utilization of event information 
by using both road network data 113 having a hierarchical 
layer structure and digital map data A 116, which are 
received from the transmission-sided device 30. Other 
arrangements are not changed from those of the first 
embodiment mode (Fig. 6) . 

This transmission-sided device 30 contains such an 
information in shape vector data which is transmitted 
through an event information transmitting unit 31 to the 
reception-sided device 10. This information is used to 
identify a hierarchical layer of road network data employed 
in a map matching operation. 

Fig. 31(a) indicates shape vector data to which 
both a hierarchical layer number and road attribute 
information (road sort etc.) have been added as this 
hierarchical layer identifying information in the unit of a 
shape vector. Fig. 31(b) shows shape vector data to which 
both a hierarchical layer number and road attribute 
information (road sort etc.) have been added as this 
hierarchical layer identifying information in the unit of a 
node. Alternatively, only a hierarchical layer number may 
be merely indicated as the hierarchical layer identifying 
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information. Also, when a road of each hierarchical layer 
of road network data is determined based upon a road 
attribute, only the road attribute may be merely indicated. 

When the map matching unit 14 of the reception- 
sided device 10 executes a map matching operation of these 
shape vector data, the map matching unit 14 executes the 
map matching operation by using the road network data 113 
of the hierarchical layer which is indicated in the 
hierarchical layer identifying information. 

In this case, since the map matching unit 14 can 
execute the map matching operation by directly using the 
network data of the hierarchical layer into which the 
objective road expressed by the shape vector has been 
contained, completely no care should be taken with respect 
to a parallel -traveling road of another hierarchical 
layer , and thus, the map matching operation can be 
processed in a high speed. 

Alternatively, it should be understood that 
"hierarchical layer information" and "road attribute 
information" may be entered to appending information of 
index header information. 

Also, as explained in the first embodiment mode, 
even in such a case that a parallel- traveling resembling 
shaped road is present in a objective road, if a objective 
road section is selected in such a manner that this 
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parallel -traveling resembling shaped road is parallel - 
traveled within a partial section, in most of the cases, a 
reception- sided device may reveal "there is no doubt as 
this objective road" in a shape checking operation (namely, 
curved point is checked, and comparing operation by shape 
representative values) , and thus, need not again perform a 
matching operation in lower-grade layers. A description is 
made of such a transmission-sided device capable of 
selecting such a objective road section. 

As shown in Fig. 32, this transmission- sided device 
is equipped with a parallel -traveling resembling shape 
calculating unit 39, and a parallel -traveling resembling 
shape database 40. The parallel -traveling resembling shape 
calculating unit 3 9 previously extracts a parallel - 
traveling shaped road by using the digital map data A which 
has been stored in the database 35. The parallel-traveling 
resembling shape database 40 stores thereinto the data of 
the parallel -traveling resembling shaped road which is 
extracted by the parallel -traveling resembling shape 
calculating unit 39. While a feature node extracting/shape 
vector deforming unit 33 employs the data of the parallel - 
traveling resembling shaped road stored in the parallel - 
traveling resembling shape database 40, this feature node 
extracting/ shape vector deforming unit 3 3 deforms an object 
section of shape vector data produced in a shape vector 
data expressing information producing unit 34 in such a 
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manner that the parallel -traveling resembling shaped road 
is parallel -traveled within a partial section. Other 
arrangements are not different from those of the first 
embodiment mode (Fig. 6) . 

A flow chart of Fig. 33 indicates a process 
sequential operation of the parallel -traveling resembling 
shape calculating unit 39. 

While a link of a link number L=l is employed as an 
object (step 90) , information as to the link L and a 
peripheral link is acquired from the map database 35 (step 

91) , and a presence condition of a parallel -traveling 
resembling shaped road of the link L is calculated (step 

92) , and then, a calculation result is stored in the 
parallel-traveling resembling shape database 40 (step 93) . 
Until the process operations as to all of links are 
accomplished (step 94) , the link number is incremented 
(step 95) , and the sequential operation defined from the 
step 91 is repeatedly carried out. 

Also, a flow chat of Fig. 34 indicates process 
sequential operations as to both the shape vector data 
expressing information producing unit 34 and the feature 
node extracting/shape vector deforming unit 33. 
The shape vector data expressing information producing unit 
34 acquires event information 36 (step 100) and produces a 
shape vector (step 101) . 

The feature node extracting/shape vector deforming 
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unit 33 calculates a link number corresponding to the shape 
vector (step 102) , and acquires a presence condition of a 
parallel -traveling resembling shaped road of each of the 
links from the parallel -traveling resembling shape database 
40 (step 103) , and then, calculates presence conditions of 
the parallel -traveling resembling shaped roads through the 
overall shape vector (step 104) . 

The feature node extracting/shape vector deforming 
unit 33 discriminates as to whether or not a parallel - 
traveling resembling shaped road is present at peripheral 
areas of a stating terminal and an end terminal of the 
shape vector (step 105) . When the parallel- traveling 
resembling shaped road is present, the feature node 
extracting/shape vector deforming unit 33 deforms the shape 
vector in such a manner that such a terminal of the shape 
vector at the present side is extended along a road (step 
107) , and repeatedly carries out the sequential operation 
defined from the step 102. 

Also, in the case that the parallel -traveling 
resembling shaped road is not present (in case of "NO" in 
step 105) , the feature node extracting/shape vector 
deforming unit 33 discriminates as to whether the parallel - 
traveling resembling shaped road is not present, is present 
in a partial section, or corresponds to any case in a half 
way of the shape vector (step 106) . When the parallel - 
traveling resembling shaped road is not present, or is 
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present in a partial section in a half way of the shape 
vector, the feature node extracting/shape vector deforming 
unit 33 determines the shape vector under direct condition 
(step 108) . When the parallel -traveling resembling shaped 
road corresponds to none of these cases (in case of NO in 
step 106) , the feature node extracting/ shape vector 
deforming unit 3 3 deforms the shape vector in such a manner 
that this shape vector is expanded from both terminals 
along the road (step 107) , and then, repeatedly executes 
the sequential operation defined from the step 102. 

Since such a sequential operation is carried out, 
even in such a case that the parallel -traveling resembling 
shaped road is present in the object section of the shaped 
vector data, the objective road can be deformed in such a 
manner that this parallel -traveling resembling shaped road 
is present only in a "partial section" of the objective 
road section. Also, in the map matching process operation, 
the objective road section can be set in such a manner that 
the parallel -traveling resembling shaped road is not 
present at the starting terminal and the end technical of 
the specifically important objective road. 

(NINTH EMBODIMENT MODE) 

In a ninth embodiment mode, a description is made 
of a producing sequential operation of road network data 
having a hierarchical layer structure. 
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As schematically shown in Fig. 41, as to this road 
network data, a data producing process unit 121 produces 
road network data 123, 124, 125 of the respective 
hierarchical layers from map data of a digital map database 
12 0. Fig. 4 0 indicates this process sequence operation. 

First, a section of interest as to digital map data 
is sequentially set from N=l (step 130) , and a link of 
interest within this section is sequentially set from a 
link number=l (step 131) . Data of the relevant link L of 
the relevant section N is acquired from the digital map 
database, and then, a hierarchical number of this link L is 
determined from road attribute information thereof (step 
132) . Also, peripheral road information of this link L is 
acquired (step 133) . The above -explained process operation 
is carried out as to all of the links (step 134 and step 
142). When the process operation with respect to all of 
these links is accomplished, the hierarchical layer number 
is set to M=l (step 135) , and then, a road network of a 
hierarchical layer M is constructed (step 136) . This 
process operation is carried out as to all of the 
hierarchical layers (step 137 and step 143) . When a 
construction of road networks having all of the 
hierarchical layers is accomplished, an interlayer linking 
node is set (step 138) . Also, with respect to all of links 
which have been newly produced in the hierarchical layer M 
of the section N, parallel -traveling resembling shape 



89 



attribute information is produced from the peripheral road 
information (step 139) , and skip distances are set to links 
between the respective interpolation points (step 140) . 
The above -explained process operation is carried out as to 
all of the sections (step 141 and step 144) . 

Since the above -explained process operation is 
carried out, such data shown in Fig. 3(a). Fig. 3(b), Fig. 
3(c) are produced from the digital map data of Fig. 1. 
Also, in the case that the parallel-traveling resembling 
shape attribute information is produced, such a data of 
Fig. 10 is produced. In the case that the shape 
representative value is produced, such a data structure of 
Fig. 12 is obtained. Also, in the case that the skip 
distance is produced, such a data structure of Fig. 21 is 
obtained. 

(TENTH EMBODIMENT MODE) 

In a tenth embodiment mode, a description is made 
of such a system that instead of employing a hierarchical 
layer structure, weights of an upper grade, a middle grade, 
and a lower grade are set with respect to one sheet of map 
data . 

As shown in Fig. 39, in this system, respective 
roads contained in one sheet of map data is subdivided into 
an upper-grade road, a middle-grade road, and a lower-grade 
road. In correspondence with a map matching operation in 



an upper-grade layer of a hierarchical layer structure, a 
map matching operation is carried out by using the upper- 
grade road. In correspondence with a map matching 
operation in a middle-grade layer of a hierarchical layer 
structure, a map matching operation is carried out by using 
the upper-grade road, and the middle-grade road. Also, in 
correspondence with a map matching operation in a lower- 
grade layer of a hierarchical layer structure, a map 
matching operation is carried out by using all of the 
upper-grade road, and the middle-grade road and the lower- 
grade road . 

Fig. 3 8 shows a flow chart for explaining this 
process operation . 

A decision is made that which level of a road is 
used as a objective road in a map matching operation (step 
120) , and then, a map matching operation is carried out 
(step 121) , and an evaluation value is calculated (step 
122) . A calculation of the evaluation value is identical 
to that of the case shown in Fig . 7 . 

A setting operation as to a candidate point can 
succeed, and further, a judgment is made as to whether or 
not an evaluation value of the candidate point is small 
than, or equal to a predetermined value (step 123) . When 
the evaluation value of the candidate point is smaller 
than, or equal to the predetermined value, a objective road 
is identified based upon the selected shape pattern (step 



124) . 

Also, in a step 13, when the setting operation of 
the candidate point cannot succeed, or the evaluation value 
of the candidate point exceeds the predetermined value, a 
check is made as to whether or not the used road 
corresponds to the lower-grade road (step 126) . When the 
used road corresponds to the lowermost -grade road, it is so 
assumed that the map matching operation fails, and then, 
the process operation is ended (step 127) . When the used 
road does not correspond to the lowermost -grade road, a rod 
which is lower than the presently used road is added to the 
objective road (step 125) , and then, the process operation 
defined from the step 121 is repeatedly carried out. 

As previously explained, while one sheet of the map 
is employed, the weights are given to the roads, and the 
road which is used in the map matching operation is 
selected, so that a total number of the candidate points 
when the candidate point searching operation is carried out 
can be reduced, and thus, the map matching operation can be 
carried out in a high speed. 

It should also be understood that the respective 
embodiment modes have so far described such methods that 
the map matching operations of the shape vectors are 
carried out so as to identify the roads. The hierarchical 
layer constructing idea may also be applied to an 
information exchanging system in which routes between nodes 
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are calculated by way of a route calculation. In this 
information exchanging system, a node is intermittently 
selected in a half way of a link and/or an intersection, 
and then, a route between the nodes is obtained by way of 
the route calculation. Fig. 42 indicates a condition in 
such a case that the hierarchical layer constructing idea 
has been conducted to this system. A node PI (= link 
center point) , a node P2 (^intersection) , a node P3 (=link 
center point) , and a node P4 ( = link center point) are 
selected in an intermittent manner. While referring to 
latitude/longitude data of these nodes, node positions in 
the upper-grade layer are detected. In this case, although 
detecting operations as to candidate points of the nodes 
PI, P2, P3 can succeed, a detecting operation as to a 
candidate point of the node P4 fails. As a result, PI to 
P2 to P3 can identify a objective road section, but a route 
between P3 to P4 has not yet been identified. 

As a consequence, the upper-grade layer is 
transferred to the lower-grade layer, candidate points of 
both the nodes P3 and P4 are detected, a route between the 
nodes P3 to P4 is calculated by way of the route searching 
operation, and then, all of the road sections among PI to 
P2 to P3 to P4 are identified in combination with the 
identified points in the upper-grade layer. 

As previously explained, the hierarchical layer 
constructing idea may be applied with respect to all of the 
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position transfer methods for identifying the roads based 
upon the latitude/longitude information. 

The present invention is featured as follows. That 
is, with respect to the road network having the unequal 
condition in the frequency, which corresponds to the 
objective road of the map matching operation, the priority 
order is basically set in response to the frequency; the 
road network which is map-matched with the above -described 
objective road is restricted based upon the priority order ; 
and also, when the objective road which is matched with the 
shape vector of the objective road cannot be obtained, the 
restriction based upon the priority order is relaxed so as 
to broaden the range of the road network which is matched 
with the objective roads. As a result, the map matching 
operation can be carried out in the high speed. 

(ELEVENTH EMBODIMENT MODE) 

Next, an embodiment mode of both a shape matching - 
purpose database and a shape matching device, according to 
the present invention, will now be explained in detail with 
reference to drawings. 

It should be noted that in this embodiment mode, a 
node, a link, or an interpolation point of a node, which is 
directed to an auxiliary purpose, are used as information 
indicative of either a specific point or a specific road on 
a map. A node corresponds to such a point on a road, which 
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has been set in correspondence with an intersection, an 
entrance and an exit of a tunnel, an entrance and an exit 
of a bridge, a boundary of an administrative section, and 
the like. An interpolation point corresponds to such a 
point used to reproduce a road shape between nodes. A link 
corresponds to a line section which connects a node to 
another node. The below-mentioned explanation is made by- 
using a node and a link. 

Fig. 43 indicates a road information providing 
system with employment of both the shape matching-purpose 
database and the shape matching device, according to this 
embodiment mode. In this drawing, event information such 
as a traffic accident, a road building, a traffic jam, 
raining, snowing, and a traffic control is stored in an 
event information database 85 in combination with a road to 
be identified, regional information, and the like. Also, 
such information indicative of roads, rivers, bridges, 
buildings, and the like has been stored in a map database 
86 by way of "points" called as nodes and "line sections" 
called as links. 

A data structures of the event information is shown 
in Fig. 44, a data structure of the link information is 
represented in Fig. 45, a data structure of the node 
information is denoted in Fig. 46, and a data structure of 
a shape vector is shown in Fig. 47. While both map data 
and shape matching (map matching) -purpose data are 



constructed by nodes and links, which have been stored in 
the map database 8 6 shown in Fig. 43, as shown in Fig. 47, 
the node is represented by either an absolute position or a 
relative position in a necessary point. 

A shape vector data expressing information 
producing unit 84 owned by the road information providing 
system shown in Fig. 4 3 indicates an event occurring 
position denoted by the event information based upon such 
an absolute position as latitude and longitude, and a 
relative position from this absolute position, and produces 
a shape vector indicative of a objective road from the 
nodes and the links, which have been stored in the map 
database 86. In this embodiment mode, an example in which 
a shape vector of "Ps-Pa-Pb-Pe" shown in Fig. 48 is 
transmitted will now be described. It is so assumed that 
as to an expressing of a shape vector, a name of a point 
corresponding to a node is expressed from a starting point 
in a passing sequence. 

In this case, in such a case that a shape vector to 
be transmitted has no feature and a map matching operation 
of the shape vector can be hardly carried out in a 
receiving device 88, a feature node extracting/shape vector 
deforming device 83 may alternatively add either a node or 
an interpolation point in such a manner of M Ps-Pa-Pm2-Pms2- 
Pm2-Pm3-Pm4-Pb-Pe" , and thus may alternatively express this 
shape vector by a narrow link. 



Fig. 48 is an explanatory diagram for indicating a 
shape vector of "Ps-Pa-Pb-Pe" indicative of a road. Fig. 
49 is an explanatory diagram for schematically indicating 
such a condition that the receiving device 88 which has 
received the shape vector of Fig. 48 performs a shape 
matching (map matching) operation. 

Alternatively, in this embodiment mode, in addition 
to the information as to the coordinate streams of both the 
nodes and the interpolation points, detailed information 
such as road sorts, road numbers, toll road codes, or 
traffic intersection nodes, which have been previously 
present in a digital map database, or such a road sort as a 
speedway, a national road, and a major local road may be 
added to a node. Further, as the additional information, 
among others, in the case of an intersection node, a name 
of the intersection may be alternatively added. In such a 
case that a node indicates an entrance and an exit of a 
tunnel, an entrance and an exit of a bridge, a boundary of 
an administrative section, all of the above -explained 
information may be alternatively added. Moreover, as the 
additional information, in order to inform precision of 
transfer information, such an information representative of 
a precision level of a base map may be alternatively added, 
for instance, data acquired from map data drawn in a 
reduced scale of 1/25000, or data acquired from map data 
dream in a reduced scale of 1/10000. 
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In this case, in the receiving device 88 shown in 
Fig. 4 8 which has received data containing a shape vector, 
the data is restored by a data receiving unit 88e, and the 
shape vector is reproduced by a shape vector expressing 
event information unit 8 8b so as to separate the 
information which has been added to this shape vector. 
Next, a shape matching unit 88d identifies a position on 
the map, which is indicated by the shape vector, by using 
the shape matching -purpose database 88b used to identify an 
occurring place of an event. 

The shape matching-purpose database 88b of this 
embodiment mode stores thereinto the data in such a manner 
that the data is subdivided into a three-layer construction 
(namely, upper-grade layer, middle-grade layer, and lower- 
grade layer) . Nodes and links have been stored in the 
upper-grade layer, which represent national roads, major 
local roads, roads where optical beacon device have been 
installed, and other major roads. The optical beacon 
device correspond to road information receiving device 
which have been installed under main control of police 
office. Nodes and links have been stored in the middle- 
grade layer, which indicate roads such as prefecture roads 
and city/town/village roads, which are represented in a map 
drawn in a reduced scale of 1/100,000. Also, nodes and 
links, which show roads indicated in a map drawn in a 
reduced scale of 1/5,000, have been stored in the lower- 
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grade layer . 

In this embodiment mode, the shape matching unit 
88d of the receiving device 88 sequentially performs a 
shape matching operation from the upper-grade layer with 
respect to the shape vector. When the shapes are made 
coincident with each other, the shape matching unit 88d 
accomplishes the matching operation, and then, judges such 
a road included in an object of the shape vector. 

Fig. 5 0 shows a flow chart for explaining this 
shape matching method according to this embodiment mode. 
As indicated in this drawing, in the case that the shape 
matching operation cannot succeed in the upper-grade layer 
(in example shown in Fig. 49, road between Pb to Pe is not 
present in upper-grade layer (a) as represented in Fig. 
49 (c) ) , the shape matching operation of the upper-grade 
layer is transferred to the middle-grade layer (b) , in 
which a shape map operation is again carried out from a 
first point Ps . Fig. 4 9 is such an example that all of the 
shape matching operations have been completed in the 
middle-grade layer. In the case that the map matching 
operations are not accomplished even in the middle -grade 
layer, the shape matching operation is transferred to the 
lower-grade layer indicative of a more detailed road, and 
then, a shape matching operation is carried out. 

(TWELFTH EMBODIMENT MODE) 
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Next, Fig. 51 indicates a shape matching operation 
executed in the case that a node commonly used in the 
respective layers has been set. As shown in this drawing, 
symbols "Pa" and "Pc" of an upper-grade layer are nodes 
5 which correspond to symbols "PI" and "P2" of a lower-grade 
layer respectively. Since such a shape matching-purpose 
database owns the same hardware structure as that of the 
transmitting device 87 and the receiving device 88 mounted 
on the navigation machine of the center system shown in 
10 Fig. 43, this shape matching-purpose database will now be 
explained in combination with Fig. 43. Also, in this case, 
a process operation itself is executed in accordance with 
the flow chart indicated in Fig. 50 in the respective 
portions . 

15 In the case that such a shape vector shown in Fig. 

52 is transmitted from the transmitting device 87, a route 
from Ps to Pd is present in the upper-grade layer, but a 
portion corresponding to a route "Pd-Pe" is not present in 
the upper-grade layer. As a result, the shape matching 

20 unit 88d of the receiving device 88 is transferred to the 
middle-grade layer of the shape matching-purpose data 8 8b 
and performs a shape matching operation. In this case, 
since the node Pd (upper-grade layer) and the node P2 
(middle-grade layer) which are commonly defined with 

25 respect to two layers, namely the upper-grade layer and the 
middle-grade layer in a route defined from the nods Ps to 
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the node Pd, a indicated in Fig. 53, the matching result 
obtained in the upper-grade layer is employed in the route 
between Ps and Pc, and the matching result obtained in the 
middle -grade layer is employed in the route between P2 
corresponding to Pc and Pe 1 , so that the shape matching 
unit 88d accomplishes the shape matching operation from the 
node Ps up to the node Pe . 

In this shape matching method, since a common node 
is similarly set between the middle-grade layer and the 
lower-grade layer, shape matching results of the respective 
layers are connected to each other by the common node, so 
that the shape matching results can be more effectively 
utilized . 

Fig. 54 shows a condition of a shape matching 
operation in the case that an identifier is owned, while 
this identifier indicates that a road is linked to which 
hierarchical layer by a common node. In Fig. 54, reference 
numerals 263, 264, 265 indicate links. In particular, 
reference numeral 264 shows such a link that a definition 
of an identifier is made in a road which is also located in 
the upper-grade layer. On other hand, both the reference 
numerals 2 63 and 2 65 correspond to roads which are located 
only in the lower-grade layer, and the roads 2 63 and 2 64 
are parallel-traveled in a partial section. Also, a result 
of the shape matching operation shown in Fig. 54 is 
indicated in Fig. 55. Also, in this case, a structure of 



hardware is equal to that shown in Fig. 43. 

Fig. 45 indicates a data structure of link 
information stored in the shape matching database 88b. 
Also, Fig. 56 indicates a flow chart for describing the 
5 shape matching system in the 12th embodiment mode. A first 
feature of this shape matching system is given as follows: 
That is, since hierarchical layer belonging information is 
present in a 1 ink , i f a shape matching operat ion is carried 
out in accordance with this information, then the shape 

10 matching operation can be carried out in a high speed. 

While the present invention has been described in 
detail, or with reference to the specific embodiment modes, 
it is obvious for those skilled in the art that the present 
invention may be changed and modified without departing 

15 from the technical scope and spirit of the present 
invention. 

The present patent application has been made based 
upon both Japanese Patent Application (No. 2002-096893) 
filed on March 29, 2002, and Japanese Patent Application 
20 (No. 2002-288149) filed on September 30, 2002, the contents 
of which are incorporated herein as references. 

< INDUSTRIAL APPLICABILITY > 

As apparent from the foregoing descriptions, in 
25 accordance with the map matching method of the present 
invention, the road which should be processed can be 
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quickly and correctly identified. 

In particular, the great effect can be achieved in 
such a case that unequal conditions appear in the roads 
included in the objective roads within the road network, 
5 for instance, the travel locus transmitted from the 
objective road of the traffic information, and the probe 
(traveling vehicle) of the probe acquisition system. 

Also, both the device and the computer program of 
the present invention can realize the highspeed and 

10 corrects map matching operation, and can support the 
highspeed and correct map matching operation. 

Furthermore, in accordance with the present 
invention, even when the objective roads for providing the 
traffic information are increased, since the received 

15 information is used to execute the shape matching 
operation, the road can be identified and the traffic 
information can be displayed without requiring excessive 
processing capability for the car navigation device. As a 
result, while the excessive work load of the maintenance 

20 for the road data is not given, the positional information 
on the digital map can be transferred. Also, the 
information related to the road such as the traffic 
information can be quickly displayed, or can be immediately 
provided. 
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